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[ T being an uſual ele, Nb thoſe 


who are unacquainted with Geometry, 
that they are diſcouraged by the Mathe- 
matical Demonſtrations, from peruſing 
Books of Natural Philoſophy; J ap- 
prehended that ſome Papers I had drawn 
up for the Uſe of my Pupils in the 
Univerſity, would not be altogether un- 
acceptable, if publiſhed in ſuch Form, 
that the Propoſitions, or Subſtance of 
the Book, might be read without Inter- 
ruption frem the Mathematical Demon- 
frrations. And therefore after a large 
Explanation, and ſometimes an luf- 
tration alſo, of the Particulars, as oc- 
caſſon ſeemed moſt to require, I have 
endeavoured to ſhew the Truth of them, 
in a familiar and populan Manner, 


without Geometry, by way of Text: 
N A Ara 
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And for the ſake of thoſe who are SBil- 
led in Geometry, have added the De- 
monſtrations, with ſome occaſional Re- 
marks, by way of Notes, And whereas 
the Writers on this Subjeci have appro- 
priated to themſelves a Stile too techni- 
cal for Beginners, J have, in hopes of 

being more h underſtood, ſometimes | 
choſe a different Method of Expreſſion, 
Yugo ure not ſo accurate. Ja 


In the Introduction to the fir ſ Part, 
ities is taken of the Method of Philo- 
ſophiſing wade Uſe of by Des Cartes, 
and others before him, 7 far as the 
Dein of this Compendium required. 
'T ſhall add here a few Conſiderations 
relating to the Method which prevails 
at this Time. 

In the preſent Method of Philoſophi- 
PR all Matter is confidered (with — 
pect to its Subſtance) as homogeneous, 
ur of the ſame Kind; and no other Caufe 
or ds ple yy _ in Matter is at 

lowed 
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lowed of, but what is well eftabliſhed by 
Facts. 

Some Philoſophers admit Elementary 
Fire, as they call it, among their Prin- 
ciples; or which comes to the ſame thing, 
they confider Fire as endowed with ac- 
tive Powers diftin& from thoſe of other 
Matter. Keill, in his Letter to Dr. 
Cockburn, De Legibus Attractions, 
aliiſque Phyſices Principiis, _ uſe 
of three Principles, v1z. Empty 
Space. 2. The infinite Diviſibility of 
Quantity. 3. The Attraction of Mat- 
ter. And affirms, that all Phyſics 
depends thereon. 

The firſt of his Principles the Reader 
may perhaps think ridiculous; but be 
may confider, that at that time of Day, 
the Motion of a Plenum was not wholly 
exploded : The laying down Empty Space 
as a firſt Principle, was only calling 
out for Elbow-Room and a clear Stage 
But not to trouble the Reader 


with evhat others have done, I have 


A 2 choſen 
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choſen and every where fluck to three; 
and as oft as a Phænomenon rem 
which I could not account for by then, 

1 have given it up as a Difficulty ; 
deſpairing, but that when all tbe G. 
cumſtances of the Pbænomenon ſhall be 
thoroughly known, they alone may be 
found ſufficient. It ſeems not conſiſtent 
with the Regard a Philiſopher ſhould 
have to the Uniformity of Nature, eve- 
ry where obſervable, to call in a new 
Principle at every knotty Point. — 
which I make uſe, of are, 

Firſt, Attraction of Ocnvitations 
That is, a Diſpoſition in Bodies to move 
towards each other, even when at great 
Diftances aſunaer. | 

Secondly, Attraction of Coheſion. 
That is, a like Diſpoſition in Bodies 10 
move towards each other, but diſtinct 
from the former, in as much as it is 
obſerved to take Place only when the 

Bodies are very near together. 
» Thirdly, Repulſion, or a Diſpoſition 


in 
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in Bodies, whereby in ſome Caſes they 
endeavour 10 avoid, or fly from each 
other. 

The firſt of theſe is Matter of daily 
Obſervation. Thus, a Ball let go — 
the Hand falls to the Ground. 

The ſecond may be ſeen in the follow- 
ing Inſtance. A ſmall Portion of a 
Fluid forms itſelf into a Sphere or Drop: 
Which can only happen from a Diſpoſi- 
tion in the Particles of which it conſiſts, 
to come as near as poſſible to each other. 

An inſtance of the third is this. If 
Air incloſed in a Bladder, be ſqueez'd 
into a leſs Compaſs, the Air within, when 
the Preſſure is taken off, reſtores the 
Bladder to its former Size : A plain In- 
dication that the Particles of which the 
Air conſiſts, endeavour to avoid or fly 
from each other (a). 


Theſe Diſpoſitions in Bodies are not 


the Reſult of any Mechanical Cauſe 


(a) See another Inſtance of this Diſpoſition, in Part III. 
Page 161. Note m of this enn 


whatever ; : 


„ 
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whatever; that is, ſuch as may ariſe 
from the Effluvia of Bodies, or the Ac- 
tion of any other material Subſtance (b): 
They are therefore the Act of an imma- 
terial Cauſe, in Virtue of which inac- 
tive Matter performs the Offices for 
which it was defigned. 

From 


* 

(b) Demonſtration. In the finſt Place it is tuell known, 
that if Gravity ads upon Bodies with the ſame Degree 
of Intenſeneſs, whether they be in Motion or at Reft ; it 
may be demonſtrated that Bodies, when projected, will de- 
ſcribe Patabola's; and that when vibrating in Cycloids, 
their Vibrations will be iſocronous, c. In the next Place 
it is as well known, that Bodies when projected do deſcribe 
Parabola's, and that when vibrating in Cycloids, their 
Vibrations are iſocronous, &c. From which two Propo- 
fitions it demonſtratively follows, that if Gravity be the 
cauſe of the abvvementioned Effects, it muſt att upon Bo- 
— with the ſame Force, whether they be in Motion or at 

eft. 

Again, it is well known, that if Attraction of Cohe- 
ſion acts upon Rays of Light, with the op Degree of 
Intenſeneſs, whatever be the Velocity they move with ; 
it may be demonſtrated, that the Ratio of the Sine of the 
Angle of Incidence to the Sine of the Angle of Refract- 
ion, will be given. But in Refraction of Light, the 
Ratio of thoſe Sines is given in Fat; if therefore At- 
traction of Coheſion be the. Cauſe of the Refrattion of 
Light, it muff act upon Rays of Light with the ſame In- 


ten ſneſi, whatever Velocity they move with. 


But no Effluvia of Bodies, no material Subſtance, and 
in Hort no material Cauſe whatever, can af? with the 


fame 
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de- 


ids, 
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From the fir ft and third Principle (c), 
together with the Properties of Matter 
enumerated in the firſt Chapter of this 
Compendium, which Properties mu 
be always underſtood, the Elaſticity or 
Spring of the Air, and from thence the 
Mature and Propagation of Sound are 
accounted for. And from the Spring 
of the Air confidered as being augment- 


ed by Heat, and diminiſhed by Cold, as 


ſame Intenſeneſs, or have the ſame F 5 upon a Body in 
Motion, as upon am Body at Reſt ;' becauſe as it is 
very well known to Mathematicians, to whom I addreſs this 
Note, Body can only act upon Body, according to the Sum 
er Difference of their Motions. It remains therefore, that 
the two Diſpeſitions herein mentioned, are not the Reſult of 
any material Cauſe whatever: Which is one Part of the 
Propoſition to be demonſt rated. | 

As to the other Diſpoſition in Bodies, their Repulſion, 
fince Rays of Light are alſo affected by it, as it appears they 
are byan Experiment of Sir Iſaac Newton's, referred to in the 
foregoing Note, it may very reaſonably be ſuppoſed, though 
we don't at preſent know the exact Law of its Action, to 
affect Bodies in Motion after the ſame Manner that it 
would do the ſame at Reſt , aud that it therefore is alſo the 
Reſult of no material Cauſe whatever. 
(e) The Law er Manner wherein theſe Principles are 
obſerved to af in 8 Circumſtances, are determined 
from Facts, in Part I. Chap. 3. The Law of the third, 
fo far as it relates to the Air, will be found in Part II. 
Chap. 3. of this Compendium. l 


it 
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it is obſerved to be, and the Air's being 
at the ſame time affected by the firſt | 
Principle, the Phænomena of the Winds | 
are explained. By the ſecond Principle, | 
the Cobeſian of Matter, the various 
Degrees of Hardneſs obſervable in it, 
the Diſſolution of Bodies by. Fluid 
with other chemical Operations; and in 
particular the Phænomena of Fermen- 
zation, and conſequently the Caufes of 
Thunder and Lightning, &c. By this 
Principle alſo the rifing of Flad in ( 
nall Tubes, and from thence the aſcen: | 
of Sap in Vegetables are accounted. for; Wl : 
all which Particulars, except the "two Wl « 
firſt, are treated of in the ſecond Part / 
of this Compendium: as alſo the, Re-: 
fraction of Light, and conſequently all . 
that Train of Phenomena depending 

thereon, which is the Subject of the Wl 1: 
third Part. By the firſt Princip the 0 
ſeveral Circumſtances relating to falling 4 
Bodies, and to the Motion of Projec- J. 
tiles, together with the Doctrine of 1. 

Pendulums, 
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Pendulums, (7reated of in the fir ft) and 
likewiſe all thoſe which relate to the 
Preſſure of Fluids, (treated of in the 
econd Part) are determined. And above 
all is deduced that moſt curious Doctrine 
of central Forces, juft touched upon in 
the firſt, but largely and fully explained 
in the fourth Part, by which (aſſuming 
that the heavenly Bodies were at firſt 

ut into Motion by their Creator) we 
are enabled to aſſign the Cauſe of the 
Continuation thereof, with all its Mo- 
aifications and Irregularities; to deter- 
mine - the neceſſary Shape of thoſe Bo- 
dies; and to account for the ebbing and 
flowing of the Sea, &c. Difficulties, 
too great ſeemingly for human Reaſon 
to ſurmount |! 

Some of the Phænomena which I have 
not been able to givea ſatisfactory Account 
of, from the abovementioned Principles, 
are the Reflection of Light, its Emiſ- 
fron from luminous Bodies, and the For- 
ation and Aſcent of Vapour. Ibis 


ms, 4 may 
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may be i only owing to the want 
of better Acquaintance with the Cir- F 
cumſtances of thoſe Phenomena ; that | 
is, more ſufficient Data, or Fats to | 
found their Solution upon: So that we | 
are not to conclude immediately, that | 
the Principles are inſufficient; but ra- 

ther to wait with Patience: The Dili- i ' 
gence of others may render that eaſy, i * 
which our utmoft Efforts at preſent are i * 
not able to ſurmount. 0 


However, as a Reader unacquainted i © 
with Studies of this Kind, may wonder 
that ſo many of the Plænomena or Ap- 
pearances of Mature, ſhould be account- il © 
ed for by ſo few Principles; and becauſe il ” 
it may be a Means of giving him ſome 2 
Inſight into the Subject of theſe Sheets, “ 
1 will here lay down the following Pro- il 9 
Poſitions, which are immediately dedu- * 
cible from the Principles, and alſo near- * 
ly connected with the Phænomena 70 8 
be accounted for by them; by means of 7 
which, 
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which, he will more readily perceive the 
Connection or Relation between the one 


and the other. 


ProPOSITION I. 


Matter being an «una&ive Subſtance, 
is utterly incapable of putting itſelf in- 
to Motion in any Direction whatever; 
and will therefore in all Caſes move, 
or endeavour to move in that Direct- 
ion only, in which it is urged with the 
greateſt Force. 


Hence we have the true Idea of the 
Gravity or Weight of Bodies belong- 
ing to the Earth. Bodies are, here, 
by Virtue of the firſt Principle, attrac- 
ted towards the Sun, the Moon, the reſt 
of the Planets, and the Earth; but to- 
wards this laſt more ſtrongly than to- 
wards any of the reſi; and ſo they tend, 
gravitate, or are heavy towards that. 
The Reaſon that they are attracted more 

a 2 forcibly 
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forcibly towards the Earth, than towards 
thoſe other Bodies, is, that althaugh it 
be one of the Laws of the firſt Princi- 
ple, that it operates according to the | 
Quantity of Matter in Bodies, and 
therefore the Attraittion of the Sun | 
ſhould be the moſt prevalent, in as much 
as that Body contains the moſt Matter; 
yet it is another Law of that Principle 
or Diſpoſition, that it atts more flrong- 
ly according to the nearne/s of Bodies to 
each other: This latter Conſideration in 
the preſent Caſe, overbalances the for- 
mer; and ſo the Bodies about us tend 
towards the Earth. 7 


8 e e tom py ot. 


5. 


PrRoeroOsSITION II. 


If a large round Body be covered 
every where with ſmaller ones to an 
equal Height or Diſtance from its Sur- 
face; and if thoſe ſmaller ones tend 
towards the large Body, by virtue of 
the firſt Principle, and are, at the ſame 


time, 


— — ets — weaned . 
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time, diſpoſed to fly from each other 
by virtue of the third; and ſuppoſing 
farther, that when they touch or are 


Very near each other, their Diſpoſition 


to avoid each other exceeds their Ten- 
dency to the large Body, and when 
they are at a certain greater Diſtance 
from each other, that Diſpoſition is 
leſs than their Tendency to the large 
Body: Then will thoſe ſmaller Bodies 
keep at certain Diſtances from each 
other, and conſtitute an elaſtic, com- 
prefſible Subſtance ſurrounding that 
large Body, gravitating towards it on 
all Sides. 


Hence an Idea of the Mature and 
Condition of the Atmoſphere ſurround- 
ing the Earth, with all its Properties. 

N. B. When I jay a Body tends to 
another, I don't mean that it moves to- 
wards it, but only that it would move 
zowards it, if nothing prevented. Thus, 


a Bird while mounting aloft into the 
Air, 


Sr. PR ACK: 


Air, tends towards the Earth, as much | 
as one that is falling down; for the one | 
would fall as well as the other, if no- 


thing prevented. 


ProreoSIT1loN III. 


If, while the abovementioned ſmal- | 


ler Bodies are in the State ſuppoſed in 


the foregoing Propoſition, any one, or | 


more of them, be made to move, (ſup- 

ſe for Inſtance halt way) towards the 
next, it will by virtue of the third 
Diſpoſition, drive or impel thoſe it 
comes nearerto, cloſer together; which 
Bodies, when that other moves back 
again (as it will immediately do, 


being repelled by them) will re- 


cede from each other again: That | 


is, a kind of tremulous Motion will be 
communicated to them by that other, 
and for the like Reaſon, by them to the 
next; and ſo on through the whole, 
or at leaſt to a great Diſtance from 
where it began. Hence 


rr — — — — — — — 
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Hence we may form an Idea how 
Sound is excited by the Tremors of a 
Body during its Vibration, and propa- 
gated through the Air. 


PRO POSITION IV. 


One of the Laws by which the ſe- 
cond Principle is obſerved to act, is, 
that Bodies act upon one another, not 
in Proportion to the Quantity of Mat- 
ter they contain, as by the firſt Princi- 
ple; but only according to the Breadth 
of their Surfaces, and the nearneſs of 


the Surface of one Body to that of ano- 
ther. | 


From hence we may under ſtand, 
that ſuch Particles of Bodies as are 
flat or ſquare, and jo ſituated among 
each other as to touch, or be very near 
one another in many Points, will con- 
ſitute what we call an hard Body, 

and 
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and thoſe Particles which are more | 
round, or ſo ſituated that leſs Portions | 
of their Surfaces are near rogether, | 
will attract one another with a leſs | 
Force, and ſo form a ſofter Body; 
thoſe which are round, or nearly ſo, 
will attract one another ſtill leſs, and | 
alſo ſlide more eaſily over one another, | 


and ſo form what we call a fluid Body. 


DI 75 


PRO POSITION V. 


When two Bodies meet together, if 
the Particles which conſtitute the one, 
be diſpoſed, by Virtue of the ſecond } 
Principle, to move towards thoſe of the 
other with a greater Degree of Force, | 
than the Particles of either Body are | 
diſpoſed to move towards themſelves ; 
thoſe of the firſt will leave it, and run 
in among thoſe of the ſecond: And for 
the ſame. Reaſon, thoſe of the ſecond 
will fever from that, leave it and enter 


in between thoſe of the firſt, And if 
the 
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che Motion with which this is done, 
be very violent, and the Bodies be of 
„che inflammable Kind, their Particles 
by thus rubbing and claſhing one againſt 
; another, will be ſufficiently heated to 
„ take Fire, and will burſt out into Flame. 


4 
„ Hence Diſſolutions, Fermentations, 
J. Exploſions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis. 
With all other Phænomena of that 
Tribe. 


© PROPOSITION VI. 


If a Pipe, open at both Ends, and 
f a very ſmall Bore, have one End 
Nipped into Water, the Water will run 
p into the Pipe above the Surface of 
he Water on the outſide (being drawn 
up by the Tendency it has by the 
ſecond Principle to that Part of the 
nner Surface of the Pipe, which is 
uſt above it, as it riſes) till that inner 

b Surface 


1 
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Surface which is ſtill juſt above it, be 
loaded with as great a Weight of 
Water, as that Tendency can ſupport. 


Hence a right Motion of the Aſcent 
of Sap in Vegetables; the Suction of | 
Fluids by Spunges: Mitb all other | 


Phænomena reducible to that Head. 


PRO POSITION VII. 


If a Body moving right forwards, 
but obliquely with reſpect to the 
Surface of another Body, at length 
comes ſo near that Body, as to be diſ- 
poſed by the ſecond Principle to tend 
towards it; inſtead of continuing to | 
go right on, it will turn out of its Way | 
towards that Body, before it comes at 
it; and conſequently will ſtrike or en- 
ter it in a nearer Place, and in a leſs | 
oblique Direction, than it would have | 


done, in caſe it had gone right on. If 
it enters s the Body, it ſtill keeps turning 


Out 


— 
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out of its Courſe the fame Way as be- 
fore, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
as there are before it near enough to 
attract it forwards: After which it goes 
right on in its laſt acquired Direction, 
till it comes near the other Side; for 
while it is ſurrounded with as many 
Particles to attract it one way as 
another, it is the ſame thing as if it 
were not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out of its Courſe towards 
the inſide of the Body; that is, from that 
Side of the Body towards which it is 
going; and continues to bend its Courſe 
the ſame Way, till it has got ſo far 
out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attract it any more. 

b 2 Aſter 
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After which it purſues an undiſturbed f 
Courſe in the Direction it acquired laſt 


of all. 


Hence we have a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ariſing therefrom ; which are | 


no other than ſo many Caſes of this | 


Propoſition. 


PRO FHOSITION VIII. 


If ſeveral Bodies be moving right for- 


wards, and at length be attracted by 


another Body, as ſuppoſed in the fore- 
going Propoſition, but ſome with 
greater Degrecs of Force or Intenſeneſs, 
than others; thoſe which are attracted 
with the greateſt Force, will turn the 


fartheſt out of their Way towards that 
Body; and conſequently if all of them, 


before this happened, were moving in 


one Direction, they will be made to 
part from each other, and move dif- 


ferent Ways. 


Hence 


— 3 
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Hence an Idea of the different Re- 


ö frangibility of the Rays of Light. 


PRO POSITION IX. 


If a Body be made to move from 
another Body, towards which by the firſt 
Principle it tends, its Motion will be 
retarded continually; that is, it will 
move ſlower and ſlower: If it moves 
towards that Body, its Motion will be 
continually increaſed; and unleſs it be 
made to move directly to or from it, 
its Courſe will always keep bending 
towards it, ſo that it ſhall deſcribe a 
Curve, concave, or hollow, on the 


Side next the Body. 


Hence all the Phænomena of falling 
Bodies, and of Projectiles. 


PrRoPOSITION 
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PROPOSITION X. 


rand 


If a Body, that by the firſt Princi- | 


ple tends towards another Body, moves | 
towards it on the Surface of an incli- | 
ned Plane, its Motion (as in the fore- 
going Propoſition) will be continually | 
increaſed; and if it moves from it on | 
the ſame Plane, its Motion will be re- 
tarded continually, but leſs in Propor- : 
tion to the Obliquity of the Plane: 
(that is, leſs in Proportion as the Plane . 
deviates from the Perpendicular) the In- 1 
terpoſition of the Plane preventing in 8 


ſome Meaſure the Effect its Tendency 
to the other Body, would otherwiſe pro- 
duce. And the Velocity it acquires by 
rolling down one Plane, will by virtue 
of its Jnactivity, or that Diſpoſition 
Bodies have to continue their State of 
Motion or Reſt, gnable it to roll up 
another fitly diſpoſed. 


Hence 
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Hence the Solution of the Phano- 


mena of Bodies deſcending on inclu- 
Jed Planes, and the Vibration of Pen- 
| dulums. 


PrRroroSITIioN AL. 


If a Body acted upon by the firſt 
Principle, move to or from another 
Body with a competent Degree of Ob- 
liquity and Velocity, it will move quite 
round the other Body without touching 
it at all, returning to the Place from 
whence it ſet out: In which Caſe it 
will revolve round it over and over 
again in the ſame Path ; for being in- 
different either to Motion or Reſt, and 
meeting nothing to take oft from, or 
diminiſh its Motion, it will have the 
ſame Tendency to move on after any 
one Revolution, as it had at firſt. 


From 
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From hence we have the Solution of 
the Motion of the primary Planets 
round the Sun, and of the ſecondary 


ones round the Primary. 


PrzoeosITION XII. 


If a Body be revolving about another 
as in the laſt Propoſition, and a third 


Body approaches them, towards which | 


they both ſhall alſo tend, the Motion 
of the revolving Body will be dif- 
turbed : That is, its Path will be al- 
tered, and Irregularities in its Courſe 
will enſue zits Tendency to that 
third Body in ſome Parts of its Courſe 
conſpiring with, and in others being 
oppoſite to its own Motion, And not 
only ſo, but the Tendency it has to 
the Body about which it revolves, will 
in ſome Situations be increaſed, and in 
others be diminiſhed by the Action of 
the third; which Thing alſo conduces 
towards altering its Courſe. 


Hence 
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Hence the Lunar Irregularities, and 
all other Diſturbances in the Motion 
of the Heavenly Bodies on their too 
near Approach towards each other. 


PRO POSITION XIII. 


Imagine a large Body cover'd all 
over with ſmaller ones tending to its 
Center: Suppoſe alſo a diſtant Body, 
towards which they all tend, but the 
little ones with leſs Degrees of Force 
than they do towards the Body they 
touch. Then will ſuch of thoſe 
ſmaller Bodies, as are neareſt the diſ- 
tant one, loſe Part of their Tendency 
to the Body they touch; and ſo will 
thoſe ſmaller ones which are fartheſt 
off, or placed on the oppoſite Side the 
large Body. But, as to thoſe ſmaller 
Bodies, which are at the ſame Diſ- 
tance from the diſtant Body with the 
Center of the large Body itſelfz, their 

C Tendency 


i PRT PANT 


Tendency to the Body they lie upon, 
will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 
more or leſs, according to their Near- 


neſs to thoſe whoſe Tendency is in- 


creaſed or diminiſhed. (d 


Hence ariſes the Difference in the 
Weights Bodies have upon the Earth's 
Surface, at the Approach and De- 
parture of the Heavenly Bodies, (but 
chiefly of the Moon,) to or from that 
Side of the Earth where the Bodies are; 
and conſequently the ebbing and flowing 
of the Sea, the Water riſing where its 
Fight or Tendency to the Earth is di- 
miniſhed, and ſinking at the ſame Time 
in thoſe Places where its Weight is aug- 
mented. That the Approach and De- 
parture of the Moon ſhould cauſe a great- 
er Difference in the Weight of Bodies 
on the Earth, than the Approach and 


(4) What is affirmed in this and the foregoing Propoſition, 
depends on a Train of Reaſoning too long to be incrted here. 
To underitand it throughly, read Chapters the 18th and 19th of 
Part the Fourth. 


Departure 
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Departure of the other Heavenly Bodies, 
is owing to the nearneſs of the Moon to 
the Earth ; which Conſideration in this 
Caſe overbalances the Conſideration of her 
Smallneſs, the above-mentioned Effefs 
depending in a great Meaſure, on the 
Proportion the Diameter of the Earth 
bears to the Diſtance of the Heavenly 
Bodies. 


PrkoeosITtoN XIV. 


If a Body, whoſe Parts tend to the 
Center thereof, conſiſts wholly of a 
Fluid, or be partly ſolid and partly 
fluid, provided ſome of the Fluid be 
at the Surface, and very diſtant Parts 
thereof communicate with each other; 
and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical 
Form, the mutual Tendency of its 
Parts towards each other, contracting 
it into the leaſt poſſible Shape. But 
if it revolves about its Axis, all its 

2 Parts 
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Parts will endeavour to fly oft from 


that Axis; but ſuch as are fartheſt | 


from the Axis, more than the reſt : 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far- 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 


ſuch as are nearer thoſe Extremities; | 


beſides, as is evident, the former will 
endeavour to fly oft directly from the 
Center, but the latter not ſo. The 


abovementioned Endeavour therefore | 


in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and fince the ſame may 
be ſaid of thoſe which are at any other 
aſſignable cqual Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 
the Center much more diminiſhed, 
9 59 than 
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than thoſe will, which lie between 
the Center and the ſaid Extremitics : 
Theſe latter Parts therefore will preſs 
in towards the Center, overbalance the 
former, and raiſe them to a greater 
Diſtance from it than they were at be- 
fore, reſtoring thereby an Equilibrium 
of the Parts of the Body one among 
another. On which Account the Body 
will aſſume a flattiſh or oblate Form. 
That is, ſuppoſing Lines drawn thro' 
the middle of the Axis at right Angles 
therewith, thoſe Lines will be lengthen'd 
and the Axis will be {horten'd. | 


Fence the Figures of the Heavenly 
Bodies. . 


PROPOSITION XV. 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, - depends not only on the 


ny of Matter in that Body, but 
likewiſe 
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likewiſe on the Swiftneſs the Body moves | 
with: Thus, the Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Head, but is alſo accord- 
ing to the Swiftneſs of the Motion it 
ſtrikes with. It therefore two Bodies 
of equal Quantities of Matter, be ſuſ- 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
grees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 
dency to move on with, ſuperior to the 
other) and conſequently neither of them 
will pre- ponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 
and 


al! 
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and the Bodies equal, that Body which 


Wi; at the greateſt Diſtance from the 


Center of Motion, moving the quickeſt, 
will have the Advantage over the other 
that way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, 
may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 
and in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 


W over-poiſed, or moved by it. 


This holds equally in all Machines, 
and is the Foundation of their Theory. 


PrRorosITIOoON XVI. 


Imagine the Surface of a large round 
Body to be covered every where, or in 
—_ . - 
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Part, with ſmaller ones to an equal | 
Height, and that theſe ſmaller ones Ws 
tend towards the large Body by the t. 
firſt Principle ; imagine alſo the whole | 
Maſs of ſmaller ones divided into Co- 
lumns reaching from top to bottom; 
thoſe Columns, if their Baſes be equal, 
will equiponderate, or be an equal 
Counterpoiſe to one another; and ſo 
they will, if their Baſes be unequal: For 
in this Caſe the Columns being of un- 
ual Size in Diameter, if a lar- 
ger Column ſubſides, the lower Parts 
of that Column (to find Room for 
themſelves) will raile a ſmaller Co- 
lumn farther than the larger one ſet- Mtt 
tled in the fame time, and in ſuch le 
Proportion that, what the little Co- th 
lumn wants in Weight, will be made 
out to it in Velocity; and conſequent- 
ly, according to what was ſhewn in MF 
the foregoing Propoſition, the little ¶ li 
Column will be a juſt Balance ro the 
greater. 


Farther 
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Farther, if in the abovementioned 


ö Suppolition, there be a Body among 
tote ſmaller ones, heavier than a 
Polk of them equal to its own Bulk, 
Column of which that Body is a 
Part, will be heavier than any other 
WColumn of an equal Baſe; it will 
therefore ſubſide, permitting the Body 
to come to the Bottom: if the Body 
be lighter than a Bulk of the ſmaller 


ones equal to its own Bulk, a Column, 


u- Wof which it makes a Part, will be 
rts Wlighter than any other; the Body 
or WW therefore will be buoy'd upwards, till 


it riſes ſo far out above the Surface, 
that it, together with the Column be- 
ch low it, may be a Counterpoiſe to ano- 
o- ther Column of equal Baſe. 


t- Hence tbe Effects of the Preſſure of 


in Fluids por: ore another, and upon So- 
tle WY lids i-mer/ſed in them. 
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ProeoOSITION XVII. 


Imagine the Surface of a large 
round Body cover'd every where, or 
in Part, with ſmaller ones to an equal 
Height; and that theſe ſmaller ones 
tend towards the large one by the firſt 
Principle, and that they are at the 
ſame time diſpoſed to fly from one 
another by Virtue of the third, conſti- 
tuting thereby an elaſtic Subſtance I 
ſurrounding that large Body, as inf 
Propoſition the ſecond ; and let them} 
be divided into Columns, as in the 
laſt Propoſition. And let it be far-| 
ther ſuppoſed, that the Diſpoſition in 
thoſe ſmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increaſed by Heat; | 
and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elle, 
or at leaſt not in ſo great a Degree: 

then 
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Zhen will the Bodies, where that Diſ- 
Woſition is increaſed, diffuſe them- 
elves into a larger Space, and ſo tak- 
Ing up more Room than an equal 
umber in the neighbouring Columns, 
Column of which they are a Part, 
ill become lighter than a neighbour- 
ing one of an equal Boſe. For, ſince 
the Bodies in the lower Parts of this 
olumn, are more diſtant from each 
other, than ſuch as are in other Co- 
Wumns, this Column cannot contain fo 
many of them; that is, it cannot be 
Wo heavy as another of equal Baſe, un- 
Wcſs it be longer; that is, unleſs the 
ppermoſt Parts thereof ſtand out 
bove the Tops of the neighbouring 


olumns ; but this they will not do; 


for by Virtue of the Tendency thoſe 
I Parts have to the large 'Body, they 
pt Will immediately (like Water raiſed 


bove the Banks, which before con- 
hned it) ſpread themſelves every Way. 


This Column therefore, which, ac- 
” d 2 cording 
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cording to the foregoing Propoſiton, 5 
before this happened, was a Counter- 
poiſe to thoſe, which are round about 
it, being now become lighter, is no 
longer ſo. The Conſequence of which | 
is, that the lowermoſt Parts of the 
neighbouring Columns, will preſs in | 
under this from all Sides to reſtore the | 
Equilibrium. Neither can the Fqui- 
librium be reſtored, ſo long as the 
Place we have been conſidering re- 


mains hotter, than thoſe which are 
round about it. For, ſince the Bodies, 


that come in, will ſpread themſelves 
into a larger Space by Means of the 
Heat they receive there, and fill up 
more Room, than the like Number inf 
another Column of equal Baſe, the} 


Column to which they belong, will, 


for the Reaſons abovementioned, al- 
ways be lighter than another of equal | 
Baie, And conſequently, according | 


to the Tenour of the foregoing Pro- 
poiftion, the neighbouring Columns 


wall 
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will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppoſe them to 


; be of. 


Imagine the like to happen to a Co- 
lumn or Columns of the Earth's At- 
moſphere, and the lower Parts of the 
neighbouring Columns ruſhing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of the 
Cauſe and Nature of the Winds; 
every Stream of the Particles of the 
Atmoſphere ruſhing in, as above, being 
a diſtinct Wind blowing from that 
Point of the Compaſs from which they 
come. And, if you conceive the Center 
of that warmer Space to ſhift its Place 
variouſly upon the Surface of the 
Earth, you then get the Idea of the 


ſeveral Sorts of them, as the Trade 


Winds, Monſoons, &c. For Inflance, 
if it ſhifts regularly along the ſame 
Path, it cauſes Trade Winds ; if now 


forwards, 
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forwards, and then backwards, Mon- 1 
ſoons, &c. 


Theſe are the Principal Phænomena 
in Natural Philoſophy that are inde- | 
pendent of each other; the reſt are for | 
the moſt Part, no other than ſo many 
particular Caſes, Circumſtances, or 
Conſequences of theſe, or, in ſhort one 
way or other related to them. For the 
Solution, of which I refer the Reader 
zo the Book it. ſelf. 


Gm. US. Brim UW, wo ac > w Tem oo. ie ia 


From a due Conſideration of the 
Propoſitions here laid down, the Reader | 
will be able to form a true Judgment of 
the Mature and Buſineſs of Natural 
Philoſophy; will ſee the Uniformity 
and Conſiſtency of the ſeveral Parts 
thereof with each other, and therein the 
wonderful Wiſdom and Contrivance 9 
the ſupreme Being, in chooſing ſo ſhort 
and eafy a Method of producing ſo 
great a Variety of Effefts. 


Pf 
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There is one Thing more I think 
proper to be taken Motice of, before I 
put an End to this Preface ; viz. That 
it has been a flanding Objection a- 
gainſt all Natural Philoſophy in gene- 
ral; that whereas it aſcribes Effects to 
natural or mechanical Cauſes, afting 
by fixed and unalterable Laws, it 
therefore excludes a Providence and the 
immediate Care and Protettion of the 
ſupreme Being, making him no other 
than an Idle Spectator of Things here 
below. 

In Anſwer to this, it is to be conſi- 
dered in the firſt Place, that the Prin- 
ciples of the Philoſophy which is now 
received, are ſo far from being mecha- 
nical Cauſes, at leaſt thoſewhich are here 
made Uſe of, that, as above demon- 
ſtrated, they are the very Reverſe ; and 
conſequently can be no other than the con- 
tmual acting of God upon Matter, 
either mediately or immediately. Since 

then 
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then Natural Philoſophy, by accounting 
for the Phenomena of Wature by thoſe 
Principles, tends to ſhew the Reality of 
them; it is evident that it is ſo far from || 
excluding the Deity from being concern- 
ed in the Affairs of this World; that 
it tends to demonſtrate that none are 
performed without his Order and Di- 
reftion. Neither, ſecondly, does Na- 
tural Philoſophy inculcate, that the 
Laws by which thoſe Principles act, are 
fixed and unalterable : The Accuſation WM © 
is therefore foreign. But to confider n 
this Matter a little more particularly. a, 
When, in Natural Philoſophy, a“ 
Principle is ſaid to act according to a l 
articular Law, the Meaning is not, 
that it acts neceſſarily and unalterably 
fo; but only, that it does ſo ordinarily, 
and in common Caſes. Doubtleſs the 
Author, both of Matter and of thoſe 
very Principles by which it acts, can 
at any Time, in the Room of its ordina- 
ry Opperation, ſubſtitute a different 
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one, and by that means produce Effects 


al 
: contrary #0 the common Courſe of Va- 
77122 whenever he ſhall think proper. 


Tat he has done ſo, when wiſe Ends re- 
quired it, appears from Hiſtory. That 


:t i may be done a Thouſand Ways, un- 
re {perceived by us, is evident; the Ope- 
ration of natural Cauſes (as they are cal- 
1- ed) being to us almoſt always out of 
be WR Sight. For Inflance, though Light- 
re ging may be accounted for by theſe Prin- 
„n iples; and in all Probability is ordi- 


narily the Reſult thereof; yet who will 
affirm, in any particular Caſe, that 


thoſe Principles formed that very Light- 


p ning, or that its Courſe was directed by 
„ em! Upon the whole therefore, to pre- 
ty ſume, that the ordinary and common 
Y, Courſe of Nature is not ſometimes al- 
hb, ered, is haſty and unwarrantable. 
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The INTRODUCTION. 
0 O wild and extravagant have been the 


Notions of a great Part of Philoſophers, 

both ancient and modern, that it is 

hard to determine, whether they have 
been more diſtant in their Sentiments from 
Truth, or from one another; or have not 
exceeded the Fancies of the moſt fabulous 
Writers, even Poets and Mythologiſts. This was 
owing to a precipitate Proceeding' in their En- 
quiries, and a Neglect of Geometry and Ex- 
periment; without the Aſſiſtance of which, 
it is impoſſible the Powers of natural Agents 
ſhould be diſcovered. 


THz Manner of Philoſophizing among the 
Ancients was to aſcribe to Bodies certain arbi- 
A trary 
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2 The INTRODUCTION. 


trary Properties, ſuch as beſt ſerved their Pur. | 
poſe in accounting for the Phenomena * of 


Nature; from whence proceeded ſo many vari- 
ous Sets of Philoſophers ; every one aſſigning 
a different Cauſe to the ſame Appearance, as his 
particular Genius and Imagination led him, 


Tur chief Agreement obſervable among 
moſt of them, conſiſts in this, v/z.. that they 
conceived all Bodies, as Compoſitions of Air, 
Earth, Fire, and Water, or ſome one or more 
of them, from whence” theſe acquired the 
Name of Principles or Elements, which they 
{till retain, 40 | 


EPp1cURUs advanced a little farther; and 

. aſſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 

ſtrictly Elements, but that theſe themſelves con- 
ſiſted of Atoms; by an accidental Concourſ 

of which (as they were moving through infinit 

Space in Lines nearly parallel) all Things re- 

ceived their Form and Manner of Exiſtence +. 


Ds CAR T Ts has contrived an Hypotheſi 
very different from the reſt: He ſets out with: 


* By a Phænomenon of Nature, is meant any Motion or $i 
tuation of Bodies among one another, which offers itſelf to the 
Notice of our Senſes, and is not the immediate Reſult of ths 
Action of an intelligent Being. 

+ For the Opinions of the ancient Philoſophers, conſul 
Diogenes Laertius, and Stanley's Lives. 


Supp® 
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Suppoſition that the Univerſe at firſt was entire 
ly full of Matter; that from this Matter, when 
firſt put in Motion, there would neceſſarily be 
rubbed off (by the grinding of the ſeveral Parts 
one againſt another) ſome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid 
Bodies without meeting with any Reſiſtance: 
Of theſe conſiſts his Materia ſubtilis, or Mate- 
ria primi Elementi. He imagined, that from 
hence alſo would reſult other Particles, of a 
globular Form; to which he gave the Name of 
Materia ſecundi Elementi. Thoſe which did 
not ſo far loſe their firſt Figure, as to come 
under the Denomination of Materia primi or 
ſecundi Elementi, he called Materia tertii Ele- 
menti ; and maintained, that all the Variety, 
which appears in natural Bodies, was owing to 
different Combinations of thoſe Elements, 


H likewiſe ſuppoſes, that God created a 
certain Quantity of Motion, and aſſigned it 
to this Maſs of Matter; and that That Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itſelf: In Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the ſame: So that, if all the 
Men and Animals in the World were moving, 
yet ſtill there would be no more Motion 
than. when they were at Reſt, the Motion 


Which they had not, when at Reſt, being 


A 2 transferred 
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transferred to the Æther. So unaccountable 
are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met 
with ſuch univerſal Reception, and have got 
ſo ſtrong a Party of Philoſophers on its Side. 


Des CARTEs has been faid, by a late 
Writer *, to have joined to his great Genius an 


exquiſite Skill in Mathematicks, and, by mixing | 


Geometry and .Phyſics together, to have given 


the World Hopes of great Improvements in the | 


latter. But this Writer ought to have con- 
ſidered, that what he looked upon, in Dxs 
CaRTEs's Book of Principles, as Demon- 


ſtrations, are only Illuſtrations, there not being | 


a Demonſtration from Geometry in all his Phi- 
loſophical Works . 


TE preſent Method of Philoſophizing, 
eſtabliſhed by Sir Is AAC NRWTON, is to 
find out the Laws of Nature by Experiments 
and Obſervations. To this, with a proper 
Application of Geometry, is owing the great 


Advantage the preſent Syſtem of Philoſophy 
has over all the preceding ones, and the vaſt] 
Improvement it has received within the laſt } 


* Mr. Wotton, in his Reflexions on ancient and modem 


Learning. 


+ See this Subject diſcuſſed more at large in Kei/s Intro 
Age. 


duction to his Examination of Dr, Burnet's Theory. 
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Age. It is indeed in vain to imagine, that a 
Syſtem, of Natural Philoſophy can be framed: 
by any other Method; for without Obſerya- 
tions it is impoſſible: we ſhould diſcover the 
Phznomena of Nature, without Experiments 
we muſt be ignorant of the mutual Actions of 
Bodies, and without Geometry we. can never 
be certain whether the Cauſes we aſſign be 
proportionate to the Operations we would ac- 
count for, as the various Syſtems of Philo- 
ſophy built on other Foundations evidently. 
ſhew. 


Tris Way of ſearching into Nature was 
firſt propoſed by my Lord Bacon *, proſe- 
cuted by the Royal Society, the Royal Academy 
at Paris, the Honourable Mr, Boy re, Sir 
Isaac NEWTON, Ge. 


WHrarT wonderful Advancement in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 
Genius equal to the Work, will be beſt under- 
ſtood by confidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
it is principally owing, that we have now a 
rational Syſtem of Natural Philoſophy; 'tis He, 
who, by purſuing the ſure and unerring Me- 
thod of reaſoning from Experiment and Obſer- 


„ Sce his Novum Organum. 
A3 vation, 
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vation, joined with the moſt profound Skill in 
Geometry, has carried his Enquiries to the 
moſt minute and inviſible Parts of Matter, as 
well as to the largeſt and moſt remote Bodies 
in the Univerſe, and has eſtabliſhed a Syſtem 
not ſubject to the Uncertainty of a mere Hypo- 
theſis, but which ſtands upon the ſecure Baſis 
of Geometry itſelf, 


(697 5 * 
CHAP. 1. | 


1 he Properties of Buy. 


, 
T being the Deſign of Phy/ics, or Natural 


Philoſophy, to account for the Fhæno- 
mena of the Material World, it is neceſſary 
to begin with laying down the known Pro- 
perties of Body. | 

THESE are, 1. Solidity, 2. Extenſion. 
3. Diviſibility. 4. A Capacity of being moved 
from Place to Place. 5. A Paſſiveneſs or In- 
activity. 

I. SOLIDITY, called alſo Impenetrability, 
is that Power which Body has of excluding 
all others out of its Place. 

Tuar Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for 
otherwiſe two Bodies might exiſt in the ſame 
Place, which is abſurd. The ſofteſt are equal- 
ly ſolid with the hardeſt; for we find, by Ex- 
periment, that the Sides of a Bladder, filled 
with Air or Water, can by no Means be made 
to come cloſe together “. 

2. THAT 


At Florence à hollow Globe of Gold was filled with Wa- 
ter, and then exactly cloſed ; the Globe thus cloſed was put 
into a Prels driven by the Force of Screws ; the Water, find- 
ing no Room for a nearer Approach of its Particles toward 
each other, made its Way through the Pores of that cloſe 

0 A 4 Metal, 
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2. THAT Body is extended, is ſelf-evident, IM is 
it being impoſſible to conceive . any Body di. 
which has not Length, Breadth, and Thick- 
neſs, that is, Extenſion. m. 

3. IT is no leſs evident, that Body is divi- th 
fible ; for, ſince no two Particles of Matter can Q 
exiſt in the ſame Place, it follows that they are ¶ dr: 
really diſtin from each other, which is all Fe 
that is meant by being diviſible. co 

IN this Senſe, the leaſt conceivable: Particle 
muſt ſtill be diviſible, ſince it will conſiſt of MW mi 


Parts which will be really diſtin . To il- WW 
luſtrate this by a familiar Inſtance : Let the the 
leaſt imaginable Piece of Matter be conceived i 23 
lying on a ſmooth plain Surface; 'tis evident, Q 

the Surface will not touch it every where; 
thoſe Parts, therefore, which it does not touch, Ml ſib 
may be ſuppoſed ſeparable from the other, and Ih * \ 
fo on as far as we pleaſe ; and this is all that WW tic 
CCl 

Metal, ſtanding in Drops like Dew on the Outfide, before the 
Globe would yield to the violent Preſſure of the Engine. k 
V. Acad. del Ciment. - Par 
| Car 
® This Propoſition is demonſtrated Geomerrically thus : Saß b 
poſe the Line AD (Fig. 1.) perpendicular to BF, and another, as ticl 
GH, at a ſmall Diſtance from it, alſo perpendicular to the ſame * 
Line; with the Centers C, C, C. &c, deſcribe Circles cutting the this 
Line G H in the Points e, e, e, &. Now the greater the Ra- wir 

dius AC is, the leſs will be the Part e H. But the Radius may be 
augmented in infinitum. So long, therefore, the Part E H may 1 
be divided into {till leſs Portions ; conſequently it may be divided 3 


in infimtum. 2, E. D. V. X.il's Introd. ad Phyſ. Præl. 3, 
4. 5. Graveſande's Elem. Math. Phyſ. L. 1. C. 4. Schol. 
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is meant, when we ſay Matter is infinitely 
diviſible. 

How far Matter may actually be divided, 
may in ſome manner be conceiv'd from hence“, 
that a Piece of Wire, gilt with ſo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to a Length of thirteen Thouſand 
Feet, the whole Surface of it ſtill remaining 
cover'd with Gold Þ+. 

A Quantity of Vitriol, being diſſolved and 
mix'd with nine Thouſand Times as much 
Water, will tinge the whole, conſequently 
the Vitriol will be divided into as many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water 8. 

THERE are Perfumes, which, without a ſen- 
ſible Diminution of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
ceivable Smallneſs, ſince there will be a ſuffi- 


We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Viſion. Let a 
Candle be lighted and placed in an open Plane, it will then be 
viſible two Miles round, conſequently was it placed two Miles a- 
bove the Surface of the Earth, it would fill with luminous Par- 
ticles a Sphere, whoſe Diameter was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight. The Force of 
this Argument will appear better when the Reader is acquainted 
with the Cauſe of Viſion. 


f KiiPs Introd, ad Phyſ. Præl. 5. Religious Philoſ. Con- 
templ. 25. 


Mem. de Acad. 1706. 


cient 
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cient Number in every Part of that Space, ſen- 
ſibly to affect the Organ of Smelling. 

4. THAT all Matter is moveable, follows 
from its being finite; and to ſuppoſe it poſi- 
tively infinite is abſurd}, becauſe it conſiſts of 
Parts *. 

5. By the Paſſiveneſs or Inactivity of Mat- 
ter, (commonly call'd its Vis Inertiæ) is meant 
the Propenſity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explained under 


the firſt Law of Nature. 
CHAP. Il. 


Of Vacuum. 
I, P LACE void of Matter is called empty 


Space, or Vacuum. 

Ir has been the Opinion of ſome Phi- 
loſophers, particularly the Carteſians, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig'd 
to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together ; but this is contrary to Expe- 


. * See Mr. Law's Tranſlation of Abp. Kivg de Origine Mali. 
Ot. 3 | 


rience, 
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rience, for the greateſt Part || of the Air may be' 
drawn out of a Veſſel by means of the Air- 
Pump, notwithſtanding which it will remain 
whole, if it Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. - 
III. SHOULD it be objected here, that as it is 
impoſſible to extract all the Air cut of a Veſſel, 
and that there will not be a Yacuum on that 
Account ; the Anſwer is, that ſince a very great 
Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
cent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
petween the Parts of the remaining Air: which 
is ſufficient to conſtitute a Vacuum. Indeed to 
his it may be objected by a Carteſian, that 
hoſe Vacuities are fill'd with Materia ſubtilis, 
hat paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
but as the Exiſtence of this Materia ſubtilis can 
ever be prov'd, we are not oblig'd to allow the 
Objection; eſpecially ſince Sir IS AAC NEwToON 
has found, that all Matter affords a Reſiſtance 
early in Proportion to its Denſity +. 

THERE are many other Arguments to prove 


"7 6 ww & *” 


* his, particularly the Motions of the Comets 
1d A Veſſel cannot be entirely exhauſted of its Air, becauſe 


he Action of the Pump depends on the Spring of that which re- 
ains in the Veſſel. 


* By this Term is meant any Veſſel, out of which we extract 
he Air by the Air- Pump. 


| T Newt. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 
ook 3. Quer. 18, 19, 20, 21. Dy/agul. Lect. 1. Ann. 2. 


through 
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through the Heavenly Regions without an 
ſenſible Reſiſtance * ; the different Weight « of 
Bodies of the fame Bulk, Sc. but thoſe, being 
not yet explain d, are not ſo Proper to be inſiſt. 
ed on in this Place. 


Of Attraction and Repulſion. 
CHA P. III. 


J. ESIDES the forementioned 

ties of Matter, it has alſo certain 
Powers or active Principles, known by the 
Names of Attraction and Repulfon, probably 
not eſſential or neceſſary to its Exiſtence, but * 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. 

II. ATTRACTI0N is of two Kinds. 1. Co- k 
heſion, or that by which minute Bodies, (ë , 
the ſeveral Particles of the ſame Body) when ern 
placed aſunder at very ſmall Diſtances, mutu- l. 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gr £3 
vitation, or that by which diſtant Bodies ad i t. 
upon each other. in d 

III. Tux Attraction of Coheſion is provd Sau. 
from abundance of Experiments, of which ſome WW four 
of the moſt obvious are as follows. gp! 


®* De/agul. Left. 1. Annot. 8. 
1. Let 


LI 
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1. LET a ſmall glaſs Tube (commonly call'd 
a Capillary Tube) open at both Ends, be dipt 
into a Veſſel of Water, the Water will imme- 
diately riſe up in the Tube to a certain Height 
above the Level of the external Water. This 
Riſe of the Water in the Glaſs Tube is manifeſtly 
owing to the Attraction of thoſe Particles of the 
Glaſs, which -lie in the inner Surface of the 
Tube immediately above the Water : Accord- 
ingly the Quantity of Water raiſed is always 


found to be proportionable to the Largeneſs 


of that Surface *. 

2. Lxr two Spheres of Quickſilver be pla- 
ced near each other, and they will immediately 
run' together,” and form one Globule. 

IV. Tang Laws of this Attraction are, r. 
That it acts only upon Contact, or at very ſmall 
Diſtances ; for the Spheres, mentioned in the 
laſt Experiment, will not approach each other, 


* The Heights. the Water riſes to in different Tubes, are ob- 
ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it follows that the Quantities raiſed are as the Surfaces 
which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the firſt 
double to that of the ſecond, the Water will rife half as high 
in the firſt as in the ſecond : now was it to riſe equally high 
in both, the Quantity in the firſt would be four times as great 
as in the ſecond, (Cylinders of equal Heights being as the 


$ Squares of their Diameters ; 11. E“. 14.) therefore fince it is 


found to riſe but half as high, the Quantity is but twice as much, 
and therefore as the Diameter ; but the Surfaces of Cylinders are 
as their Diameters, therefore the Quantities of Water raiſed are 
alſo as the Surfaces. 2 E. D. 

See the Diſſertation on this Subject. Part IT. 


till 
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till they are plac'd very near. 2. It acts accord. 
ing to the Breadth of the Surfaces. of the at. by 
tracting Bodies, and not according to ther 
Quantities of Matter. For, let there be tw ol 
poliſh'd Glaſs Plates laid one upon another, ia 
ſuch a Manner as to touch at one End, and 
there make a very ſmall Angle: If two unge. 


qual Drops of Oil be put between theſe Plate = 


at equal Diſtances from the Line of Contact, fl ta 
that the leaſt may touch both Glaſſes, thalf fo 
will then both move towards. the Ends thil een 
touch, becauſe the Attraction of the Surface M 
inclines that Way; but the largeſt, touching a 
the Glaſſes in moſt Points, will move the fall 
eſt. 3. Tis obſerv'd to decreaſe much moi 
than as the Squares of the Diſtances of th 00 
attracting Bodies from each other increaſe: The 5 
is, whatever the Force of Attraction is at a g 
ven Diſtance, at twice that Diſtance it ſhall} 
more than four Times leſs than before * 
V. From hence it is eaſy to account sor t ha 
different Degrees of Hardneſs in Bodies; thd _— 
whoſe conſtituent Particles are flat or ſquarty Y 
and ſo fituated as to touch in many Point ch 
will be hard; thoſe Particles which are me . 
round, and>teweh in fewer Points, will cooft ry 
| tute a ſofter Body; thoſe which are ſphericlliſ 1 
or nearly of that Figure, will form a Fluid he 
* K:ilii Opera Ed. 4to. p. 626, upe 

+ See Rohas/t in the Notes, p. 105, 108. See Part If Bot 


Chap. I. 5. z. in the Notes. 1 Optic. p. 335. 
VI. Ar 
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VI. ATTRACTION of Gravitation is that, 
by which diſtant Bodies act upon each other. 


Ot this we have daily Inſtances in the falling 


of heavy Bodies towards the Earth. 

VII. TuE Laws of this Attraction are, 1. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 
increaſe. Thus, a Body, which at the Sur- 
face of the Earth (i. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, it it was plac'd four Thouſand 
Miles above the Surface of the Earth, 1. e. 
twice as far diſtant from the Center as before, 
would weigh four Times leſs; if thrice as far, 
nine Times leſs, &c. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motion ob- 
ſerv'd by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerv'd to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From whence it follow that 
the Action of the Earth upon Bodies is exact- 


y in Proportion to the Quantities of Matter 


they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
Body, being moſt eaſily put into Motion, 

would 


' 
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would move the faſteſt, Accordingly, it is 
obſervable, that the Weight of a Body is the 
ſame whether it be whole, or ground to 


Powder *. | 
VIII. From hence it follows, that, was 2 


| 

| 

| 

Body to deſcend from the Surface toward the 

Center of the Earth, it would continually be. 

come lighter and lighter, the Parts above at- 

tracting it, as well as thoſe below; in which r 

Caſe it is demonſtrated by Mathematicians BW 

that the Gravity would decreaſe with the Di. v 
ſtance of the Body from the Center . 

Scboliun u 

5 * Graveſande Lib. 4. Chap. 11. Cotes's Preface to Neto) - 

rincip. 

+ Dem. Let there be a Body as P. (Fig 2.) placed ay oc 
where within a Concave Sphere, as AB, and let us ſuppoſe T 
divided into an infinite Number of thin concentric Surface; : 
I ſay, the Body P will be attraQted equally each way by ary wW 
one of theſe, v. g. the interior HIKLM. Let there be Linz T 
as IL, HK, &c. drawn through any Point of the Body P, i 

ſuch a manner as to form the Surface of two ſimilar Figure; V) 
ſuppoſe Cones, the Diameters of whoſe Baſes may be TH, A. tat 
which let us ſuppoſe infinitely ſmall. Theſe Baſes (being as ti 
Squares of the Lines 7H, KL) (2. Elem. 12.) will be direQly, as t ar 
Squares of their Diſtances from P (for the Triangles IPH, Al of 
being infinitely ſmall, are fimilar.) But thoſe Baſes include feb 
the Particles of Matter in the interior Surface, that are oppokit upe 
to each other; the oppoſite Attractions are therefore in tix the 
ſame Ratio with thoſe Baſes, that is as the Squares of the Di fro: 
tances PK, PI. But the Attraction is inverſely, as the Squares the 
the Diſtances of the attrafting Bodies, 5. 7. i. e. inverſely as ts * 
Squares of the ſame Diſtances PX. PI; theſe two Rat TA, 
therefore deſtroying each other, it is evident, that if the Ca: ter 
cavity of the Sphere was filled with Matter, that alone, whd trad 
lies nearer the Center than the Body, can effect it, the reſpec two 


Acions of all- the Parts, that are more diſtant, being equ 
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Scbonum. IT may. be proper to obſerve here, 
that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body is 
ſaid to gtavitate to another, which moves to- 
wards it, while the other actually is, or appears 
o be, at Neſt, and this other is ſaid to attract 
the former; though indeed the Force being mu- 
tual and equal on both Sides (as will be ex- 
plain d under the third Law of Nature) the 
an {ime Term might be apply'd to either the gra- 
D. tating or atträcting Body. | 
| IT is farther to be obſerv'd, that when we 
un uſe the Terms, Attraction or Gravitation, we 
do riot thereby determine the Phyfical Cauſe 
of it, as if it proceeded from ſome ſuppoſed 
octult Quality in Bodies; but only uſe thoſe 
Terms to ſignify an Effect, the Cauſe of 
which lies out of the reach of our Philoſophy. 
Thus, we may ſay, that the Earth attracts hea- 
vy Bodies; or that ſuch Bodies tend or gravi- 
tate to the Earth: although at the ſame time we 


and in contrary Directions, ſince the ſame is demonſtrable of an 
of the remaining concentric Surfaces, Let us ſee then what El. 
fe& that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surface 
the Body is plac'd. The Diſtances of each Particle of Matter 
from the Body, (taken collettively) will be as the Diameter of 
the Sphere, or as the Radius, i. . as the Diſtance of the Body 
from the Center: their Action therefore upon the Body will be 
inverſely as the Square of that Diſtance: but the Quantity of Mat- 
ter will be as the Cube of that Diſtance, (18. Elem. 12.) the At- 
traction therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 
the Diſtance of the Body from the Cemer. Q. E. D. 
B 
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are wholly ignorant þ whether this is effected 
by ſome Power, actually exiſting in the Earth, 
or in the Bodies, or external to both ; fince 
it is impoſſible any Error in our Rabiing 
can follow from hence: it being evident, that 
all the Conſequences of ſuch Tendency muſt 
be the ſame, let the Cauſe be where, or what 
it will. | 

KX. ReevLsION is that Property in Bodies, 
whereby, it they are placed juſt beyond the 
Sphere of each other's Attraction of Coheſion, 
they mutually fly from each other. 

Ir an oily Subſtance, lighter than Water, 
be placed on the Surface thereof, or if a Piece 
of Iron be laid on Mercury, the Surface of 'the 
Fluid will be depreſs'd about the Body laid on 
it: This Depreſſion has been by ſome.. af- 
ſerib'd to a repelling Power in the Bodies, 
which hinders the Approach of the F laid to- 
wards them. 

Bor it is more generally imputed to.this, 
that the Particles of the Fluid attract each other, 
in theſe and the like Inſtances, more forcibly 
than they are attracted by the Body laid on it; 
and ſo recede from the Body as far as the Gra- 
vity of the neighbouring Particles of the Fluid 
will permit them. 

I rx is poſſible in ſome Caſes to preſs or force 
the Particles of different Subſtances, that ſeem to 
repel each other in this Manner, fo near 1 
that they ſhall mutually attract each other: 

* —— 


. 3) — A} 


Erreger 


K ws was r ys owes lead A _ tw ed OO. 


Chap. III. Attraction and Repulfion. tg 
when we mix Oil and Water till they incor- 
porate. | 

Tuis Property is however exceedingly ap- 

nt in-the Particles of the Air, which are 
endued with ſo ſtrong a repulſive Force with' 
regard to each other, that they never-could, by 
an Experiment yet made upon them, be com- 
preſſed or driven ſo cloſe together, but they 
would ſtill endeavour to fly from each other “. 

XI. Bzs1Dpes the general Powers foremen- 
tioned, there are ſome Bodies that are endued 
with another, call'd Electricity. Thus Amber, 
Jet, Sealing-Wax, Agate, Glaſs, and moſt 
Kinds of precious Stones attract and repel light 
Bodies at conſiderable Diſtances. 

Tae chief Things obſervable in theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 4. That, 
when they are well heated by rubbing, light 
Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula- 
rity whatever. 4. If a Line of ſeveral Yards in 
length has a Ball, or other Body ſuſpended at 
one End, and the other End be fixed to a Glaſs 
Tube; when the Tube is heated by rubbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the ſame Man- 


See a further Proof of this Repulſive Force in Sir [aac 
Newton's Opticks. B. z. and Query 31. | CE 
| 2 ner, 


20 Tas of Motion. Part I. 
ner, as the Glaſs itſelf does, 5. If the Glaſs Tube, 
be emptied of Air, it loſes its Electricity *. 
XII. LASTLY, the Loadſtone is obſerv'd to 
have Properties peculiar to itſelf, ag that by which 
it attracts and repels Iron, the Power it commu- 
__ to the Needle, and ſeveral others +. 


CHAP. IV. 


0 f the Laws of M. otion, commonly called 
Sir Is aac NewTON's Laws of Mature. 


I. L L Bodies continue their State of 
Reſt, or uniform Motion in a right 
Line, wi they are made to change that State 
by ſome external Force imprefſed upon them. 
THr1s Law is no other, than that univerſal 
Property of Bodies, called Paſliveneſs or In- 
activity; whereby they endeayour to continue 
the State they are in, whatever it be. Thus 
a oP only ceaſes to run round on Account of 
the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſt 
it, but the Friction ariſing from the Motion 
See Hauksbee's Experiments. Philoſoph. Tramſact. No, 326 
+ Several Solutions of theſe Properties of Electricity and Mag- 
net iſn have been attempted by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers's Dictionary in Eledricity, and Der 
Cartes Opera Philoſophica. P. IV. f 133, with ſeveral others 
referr'd to in 2ueſtiones Philo/ophice, Deſa . Lect. I. 6. 3 3. p 
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of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 
open Air. _- 

II. Tye Change of Motion produc'd in 
any Body, is always proportionable to the 
Force, whereby it is effected; and in the ſame 
Direction, wherein that Force acts. 

Ta1s is an immediate Conſequence of this 
Axiom; The Effect is always proportionable to 
its Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 
will produce double the Motion ; a triple 
Force triple the Motion, &c. If a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 
to the Force impreſſed ; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a proportional Part of its Motion : 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 
of the Body, more or leſs different from the 
former in Proportion to its Quantity and Di- 
rection *. III. Re- 


* This Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction of two Forces, acting 
upon a Body at the ſame Time, be repreſented by the Sides of a 
Parallelogram, the Diagonal of that Parallelogram will repre- 
ſent the Proportion and Direction of their united Forces. 

Dem. Let the Body A (Fig. 3.) be impell'd with a Force, 
which would carry it to E, in the ſame Time that another, a&- 
ing upon it in the Direction 4D, would carry it to D. Ima- 
gine that while the Body paſſes to E, the Line AD (in which 

B 3 the 


22 Laws of Motion. Part. I. 


III. REacTIon is always contrary, and e- 
qual to Action; or the Actions of two Bodies 
upon each other, are equal, and in contrary 
Directions. 2 

Txvs, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe ; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 
Load ; for the Harneſs, which is ſtretched 
equally between them both Ways, draws the 
Horſe towards the Stone, as much as it does 
the Stone towards the Horſe ; and the progreſ- 
five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load is 


the Body moves by the other Force) moves to EB, in a Direc- 
tion parallel to itſelf; when the Body has advanc'd to G in 
the Line AE, the Line AD will have got to GF, and the Body 
will have paſſed over GH, ſuch a Part of it, as bears the 
ſame Proportion to the whole Line GF, as 4G does to AE, 
that is GH (the ſhorter Side of the Parallelogram GM,) is, to 
GF, or, which is the ſame Thing, to EB (the ſhorter. Side of 
the Parallelogram ED) as AG (the longer Side of the former) 
is to AE the longer Side of the latter; from whence the Pa- 
rallelograms are Amar, EI. 6. Def. 1. and conſequently, by 
24 El. 6. the Point H is in the Diagonal, that is, the Body 
will always be found in the Line 4B. C E. D. 

Coroll. From hence we have an eaſy Method of reſolving 
a given Mation into any two, or more Directions whatever ; 
wiz. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the, two Sides of which will repreſent the Di- 
rections ſought. Thus, ſuppoſe a Body was impell'd in the 
Line AB, we may conceive it as ated upon by two Forces at 
the ſame Time, one towards F, the other towards D, or any 
other two whatever, provided the Lines be drawn of ſuch 
length, that, when the Parallelogram is compleated, the given 
Line AB ſhall be its Diagonal, 


promoted 
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promoted by the Endeavour of the Horſe *. 
This will be better explained from the follow- 
ing Inſtance ; let a Perſon, fitting in a Boat, 
draw another Boat equally heavy towards 
him, they will both move towards each other 
with equal Velocities : Let the Boat he fits in 
be the lighteſt, and it will move the faſteſt ; 
becauſe the Action being equal on both Sides, 


the ſame Quantity of Motion will be given to WY 


each Boat, that is, the lefler will have the 
greater Velocity. 

Wr have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one. another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 


equal on both Sides, then would the interme- 


diate Body be preſſed more one Way than the 
other, and ſo all three would begin to move 
of themſelves the fame Way; but that three 
Bodies ſhould be put into Motion after this Man- 


ner, when no foreign Force acts upon them, is 


It may be thought perhaps, (two equal and contrary 
Forces deſtroying one another) the Horſe will in this Caſe not 
be able to move at all, becauſe the Load draws him back, as 
much as he draws the Load forwards. But it is to be ob- 
ved that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground; and conſequently the 
Ground, reaQting and continuing at Reſt, puſhes the Horſe 
forward with juſt ſo much Force as the Horſg exerts, above 
what is counteracted by the Load. | 


Ser the Diſtinction between Motion and Velocity. Chap. 9. 
contrary 


* 
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contrary to Experience, conſequently Whatever 
different Degrees of Force, any two Badies may Ci 
be capable of exerting, their mutual Actions T 
on each other, are always equal. This may Wl & 
be try d with a Loadſtone and Iron; which, in 
being put into proper Veſſels, contiguous to 
one another, and the Veſſels made to float on be 
the Surface of Water, will he an exa&-Coun- fre 
terbalance to each other, and remain at Reſt, ll © 
whatever be the attractive Power of the Load. m 
ſtone, or the Proportion of their reſpeRive fo 
Magnitudes. th 
Tuksk Laws receive an abundant Additio- ac 
nal Proof from hence, viz. that all the Con- Ve 
cluſions that are drawn from them, in Relation ly 
to the Phenomena of Bodies, how complicat- dy 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation, The 
Truth of which ſufficiently appears in all Parts 
of the Neutonian Philoſophy *. 


CHAP. V. 


The Phenomena of Falling Bodies. 
I. HE Laws of Nature being thus explain- 


ed, we proceed to account for ſome of 
thoſe Phænomena, which are ſolvable by them. 


* See theſe Laws explain'd more at large by Cheyne in his 
Principles of Philoſophy. Ki/s Introd. ad Phyſ. Præl. 11. 12. 


II, To 
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II. To begin with thoſe of falling Bodies. 
Conſtant Experience ſhews, that Bodies have a 
Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap 3. F. 7. 

III. Tux Height, Bodies can be let fall from, 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 
may be conceived, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant-= 
ly increaſe, in Proportion to the Time the Bo- 
dy takes up in falling. 

IV. Taz Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, &c.* 

V. FRoM 


In order to demonſtrate this Propoſition, it will be neceſſary 
to lay down the following Theorem, wiz. 

That the Space a Body paſſes over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſter it moves during any Interval of 
Time, the farther it goes ; therefore the Space is in a Ratio com- 
pound of both, that is, is had by multiplying one into the other. 

Coroll. Therefore the Area of a Rectangle, one of whole Sides 

reſents the Celerity a Body moves with, and the other the 
Time of its Motion, will expreſs the Space it moves — 
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V. FroM this Propoſition it follows, that a 
Body falls three Times as far, in the ſecond 
Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of the odd 
Numbers: For otherwiſe it could not fall four 


This being premiſed, let the Line AB (Fig. 4.) repreſent 
the Time a Body takes up in falling, and let BC expreſs the Ce- 
lerity acquir'd by its Fall; farther let the Line AB be di- 
vided into an indefinite Number of ſmall Portions, ei, im, 
b, &c. and let /, it, mn, pg, &c. be drawn parallel to the 
Bate. Now it is evident from F. 3. (viz. that the Velocities 
are as the Times in which they are acquir'd) that the Lanes 
ef, ik, mn, pg, &c. being to each other (4 EI 6.) as the Lines 
Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 
repreſented by tneſe: that is, ef will be as the Velocity of the 
Body in the ſmall Portion of I ume ei, and it will be as the Ve- 
locity in the Portion of Time im; in like Manner pg will be az 
the Velocity in the Portion of Time po, which Portions of Time 
being taken infinitely ſmall, the Velocity of the Body may be 
ſuppos'd the ſame, during any whole Portion: and conſequently, 
by the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocig F may be repreſented by the 
Rectangle if: in like Manner the Space run over in the Time 
im, with the Celerity , may be expreſs'd by the ReQangle m4 ; 
and that run over with the Celerity un in the Time mp, by 
the Rectangles pn; and ſo of the reſi Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of all 
the Rectangle, that is, by the Triangle ABC, for thoſe little 
triangular Deficiences, at the End of each Rectangle, would have 
vaniſhed, had the Lines ei, im, mp, &c. been infinitely ſhort, as 
the Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time 4B, is repreſented by the Tri- 
angle ABC, for the ſame Reaſon the Space paſs'd over in the 
Time Ao may be repreſented by the Triangle Aer, but theſe 
Triangles, being ſimilar, are to each other, as the Squares of 
their homologous Sides AB and Ao (20 El. 6): that is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of tie Times repreſented by the Sides, Q. E. D. 


Spaces 
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Spaces in two Minutes, and nine in three, as 
the Propoſition aſſerts “. 
VI. Tur Spaces, deſcrib'd by falling Bodies 


in different Times, are as the Squares of the 


laſt acquir d Velocities. For by F. 4. the Spa- 
ces are as the Squares of the Times, and by 
$. 3. the Velocities are as the Times; there- 
fore the Spaces are alſo as the Squares of the 
Velocities. 

VII. Tur Space a Body paſſes over, from 
the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 
ſame Time moving uniformly with its laſt ac- 
quir'd Velocity +. 

VIII. In like Manner, when Bodies are 
thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 
their Gravity deſtroying an equal Portion of 
their Velocity every Inſtant of their Aſcent. 


* This may alſo be ſhewn in the following Manner. Let 
the Triangle ABC ( Fig. 4.) be divided into lefler ones, as 
in Fig. 5. each equal to Dör, which repreſents the Space de- 
ſcribed by the falling Body in D6 the Portion of Time; 
tis evident that, in c the ſecond Portion of Time, there are 
three ſuch Triangles deſcribed, wiz. thoſe that lie between the 
Lines br and cs; in cd the third Portion of Time, five ſach, 
viz all between cs and dt; in df the next equal Portion of 
Time, ſeven ſuch, &c. 


+ For let the Time be 4B, (Fig. 4) and the laſt Velocity 
BC, the Space the Body runs over, while it is acquiring that 
Velocity, is as ABC, but the Space it would paſs over in the 
Time AB, was it to move uniformly with the Celerity BC, is 
by the Theorem (Note p. 25.) as the Space ABCD, double 


the former. Q. E. D. 
IX. Tur 
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IX. Tur Heights Bodies rife to, when 
thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their fir 
ſetting out, to the Moment they ceaſe to tiſe 
That is, if a Body is thrown with ſuch a De. 
gree of Velocity, as to continue riſing twice as 
long as another, it ſhall aſcend four Times 2 
high : if thrice, nine Times as high, Cc. 

THEest two are the converſe of the third 
and fourth Sections . 


CHAP.” VI. 


of the Deſcent of Bodies on oblique 
Planes, and of Pendulums. 


HEN a Body deſcends on an oblique 
Plane, its Motion is continually acce- 
lerated by the Action of Gravity, but in a leſs 
Degree, than when it deſcends perpendicular- 
ly; its iree Deſcent in this Caſe being hin- 
der d by the Interpoſition of the Plane: From 
"whence it follows, that what was ſaid in the 
laſt Chapter, concerning the perpendicular 
Deſccn: of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance being made for the 
Difference of Acceleration. 
IT. The Effect Gravity has upon a Body 
falling down an oblique Plane, is to that which 


5 * See Kei/s Introd. ad. Phy. Pral, 11, Grawe/ande L. I. 
Ry. 
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it exerts upon another falling freely, as the 
perpendicular Height of the Plane is to its 
Length *.. _ | 

III. Tun Space, through which a Body 
falls down: the oblique Side of a Plane; is to 
that through which it would fall perpendicu- 
larly in the fame Time, as the perpendicular 
Height of the Plane is to its Length +; 

For the Space, a Body falls throught in any 
determinate Time, whether down an inclined 
Plane, ot not, is as the Effect of the Gravity 
with which it is acted upon during that Time; 
but the Gravity, with which a Body defeends 
down the oblique. Side of a- Plane (by the 
la Propoſition) is to that with which it falls 


perpendicularly, as the perpendicular Height 
of the Plane is to its Length: The Space there- 


fore, which a Body falls through obliquely, is to 


Dem. Let 40 (Fig. 6.) be the inclin'd Plane, the Body 
at 4, and the Action of Gravity, whereby it endeavonrs to fall 
perpendicularly- repreſented by the Line 4B; let 40 be per- 
pendicular to AC, AD will then repreſent the Direction by which 
the Plane ads upon the Body (tor all Bodies act in Lines perpen- 
dicular to their Surfaces) let then thoſe two Forces be reſolved 
into one in the Direction AC, (as ſhewn in Note to 5. 4. Chap. IV.) 
by compleating the Parallelogram BD, whoſe Diagonal will be 
AG. In order to this BG muſt be let fall perpendicularly upon 
AC (that it may be parallel to the oppoſite Side of the Parallelo- 
gram 4D ) conſequently (8 Elm. 6.) AG is to AB as AB to AC, 
that is, the 'Tendency of the Body down the Plane is to its 
perpendicular Tendency, as A is to AC. Q. E. D. 

+ From this Propoſition it follows, that ſuppoſing BG (Fig. 6.) 
perpendicular to AC, the Body would fall from A to 6 in 
the ſame Time another would fall from thence to B, ſor, as 
was obſerved (Note the laſt) 4G is to 4B, as AB to AC. 


that 


r 
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that which it would paſs through perpendicular. 
ly in the ſame Time, alſo in that Proportion. 

IV. Tux Velocity, a Body acquires by fal. 
ling perpendicularly, is to that which it ac- 
quires by falling obliquely in the ſame Time, 
as the Space of its perpendicular Deſcent is to 
that of its oblique one &. 

V. Tux Time, in which a Body deſcend; 
through the oblique Side of a Plane, is to that 
in which it falls through the perpendicular 
Height of the ſame, as the Length of the 
oblique Side is to its Height +, 

VI. A Bopy acquires the fame Velocity in 
falling down the oblique Side of a Plane, as 


* Since by the Note to Section the laſt, a Body falls to 6, 
(Fig. 6.) in the ſame Time another falls to B, and (by Chap. V. 
$. 7.) the Space, a falling Body paſſes over in any Time, is half 
that which it would run over in the ſame Time moving uniformly 
with its laſt acquir'd Velocity, it follows that the Body falling 
down the oblique Plane would paſs over double the Space AG, 
moving uniformly with its laſt acquir'd Velocity, in a Portion of 
Time equal to that in which it was acquir'd ; likewiſe double 
the Space n would be paſſed over by the other Body moving 
uniformly with its laſt acquir'd Velocity, in a Portion of Time 
equal to that in which it was acquir'd ; but ſince the Velocities 
of Bodies moving uniformly are as the Spaces they run over in 
equal Times, the Velocities of the Bodies in G and B are to each 
other as double the Lines AG and AP, that is, as the Line 
themſelves, which by F. 3, are as the Spaces run through in the 
ſame Lime, from whence the Propoſition is clear. 

+ Dem. The Square of the Time in which AC (Fig. 6.) is run 
over, is to the Square of the Time in which AG is run over as 
AC to AG, (by Chap. V. 6. 4.) that is, fince AC, AB, AG are 
continually proportional (8 Elem. 6.) as the Square of AC to the 
Square of AB (by Def. 10. Elem. 5.) therefore the Times them- 
ſelves are as the Lines AC and AP, that is, as the oblique Side 
of the Plane to the perpendicular Height, 2. E. D. 


it 


Chap. VI. on obligue Planes. 31 


it would do, if it fell freely through the per- 
pendicular Height of it“. 

VII. A Body takes up the ſame Time in 
falling through the Chord of a Circle, whether 
it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the ſame 
Circle T. 

VIII. Urox this is founded the Theory of 
Pendulums : For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Time, 
whether they were large or ſmall >. 

IX. FRom hence we ſee the Reaſon, why 


the ſhorter Arches a Pendulum deſcribes, the 


* Dem. The Square of the Velocity which a Body acquires by 
falling to G, 1s to the Square of the Velocity it acquires by fal- 
ling to C, as the Space AG to the Space AC (by Chap. V. 
F. 4.) that is (by 8 Elm. 6. and Def. 10. Elem. 5.) as AGq to 
ABg ; conſequently the Velocity itielf at G is to the Velocity 
itſelf at C, as AG to AB : But fince 4G is run over in the ſame 
Time AB is (lee Note to 5. 3.) the Velocity in G is alſo to the 
Velocity in B, as AG to AB, (by F. 4.) and conſequently ſince 
the Velocities both in Cand B bear the ſame Proportion to 
that in G, they muſt be equal to each other. 2 E. D. 

+ Dem. It was demonſtrated (4 3.) that a Body will fall 
from 4 to G, (Fig. 7] on the inclin'd Plane AC, in the 
ſame Time another would fall freely to ?, provided 4GB is a 
right Angle, in which Caſe 4G (by 31 Elem. z.) is a Chord of 
that Circle of which 4B is the Diameter ; theretore a Body falls 
through the Chord, &c. Q. E. D. 

} This may be illuſtrated by conceiving the laſt Figure in- 
verted (as in Fig, 8) where ſuppoſing the Ball ſuſpended in 
ſuch a Manner, as to ſwing in the right Line GA inſtead of 
the Arch G4, it would always fall through it in the ſame 
Time, however long or ſhort it was, for the Inclination of 
the Line GA to the horizontal Line BC, is no: alter'd by invert- 
ing the Figure, 


nearer 
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nearer its Vibrations come to an Equality, for 
ſmall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Cycloid; each Swing will then be perform'd 
in the fame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence ; and conſequently let that Diftance 
be more or leſs, it will always be run over by 
the Pendulum in the fame Time * 

X. Tnx. Time of the Deſcent and Aſcent 


of a Pendulum, ſuppoſing” it to vibrate in the 
Chord of a Circle, is equal to the Time in 


Ihe Deſcription of a Cycloid : 


Upon the right Line AB, ( Fig. g.) let the Circle CDE be 
ſo plac'd, as to touch the Line inthe Point C, then let this Circle 
roll along upon it from C to H, as a Wheel upon the Ground, 
then will the Point C in one Revolution of the Circle deſcribes 
the Curve CKXH, which is called a Cyeloid. Now ſuppoſe two 
Plates of Metal bent into the form HX and XC, and placed in 
the Situation LH and LC, in ſuch Manner, that' the Points H 
and C may be apply'd to L, and the Points anſwering to X 
be appply'd to H and C. This done, if a Pendulum as LP, 
in Length equal to LH, be made to vibrate between the Plates 
or Cheeks of the Cycloid LC and LH, it will ſwing in the 
Line CKH ; and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Cycloid, 
will be to the Time a Body takes np in falling perpendicularly 
through a Space equal to IX, (half the Length of the Pendu- 
lom) as the Circumference of a Circle to its Diameter, and 
.conſequently it will always be the ſame. See theſe Things de- 


monſtrated in the Appendix. : 
which 
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which a Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum. 

For the Time of the Deſcent alone upon 
the Chord 1s equal to that in which a Body 

would fall through the Diameter of the Cir- 
cle (by F. 7.); that is, twice the Length of 
the Pendulum: But in twice that Time (viz, 
during a whole Vibration) the Body would 

fall four Times as far (Chap. V. F. 4.), that is, 

through eight Times the Length of the Pen- 
dulum. 

XI. Tux Times, that Pendulums of diffe- 

rent Lengths perform their Vibrations in, are 
as the ſquare Roots of their Lengths “. 

XII. Tux Center of Oſcillation, is a Point in 
which it the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 
not be alter d thereby + ; this is the Point from 

C \ whence 


Dem. Let there be two Pendulums A and B { Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 
through a Chord) is equal to the Time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated 5. 7.) ; in like Manner the Time B vibrates in is 
that in which a Body would fall through FB. Now the Times 
In which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 
Halves CA and CPB, i. e. of the Lengths of the Pendulums. 
. N. | 


+ The Rule for finding the Center of Oſcillation, 

If the Ball 4B (Fig. 12.) be hung by the String CD, whoſe 
eight is inconſiderable, the Center of Oſcillation is found thus; 
ſuppoſe 
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whence the Length of a Pendulum is mea- 
ſur'd, which in our Latitude, in a Pendulum 
that ſwings Seconds, is thirty nine Inches and 
two Tenths. = t 
XIII. Tur Squares of the Times in which! - 

| 


2 


Pendulums, acted upon by different Degrees 
of Gravity, perform their Vibrations in, are i © 
to each other, inverſly as the Gravities *, = tl 
FroM whence it follows, that a Pendulum P 
will vibrate flower when nearer the Equator, [ 
than the fame when nearer the Poles ; for 1 I 
i te ( 

al 


ſuppoſe E the Center of the Globe, take the Line Xof ſuch: $ 
Length, that it ſhall bear the ſame Proportion to ED as FE) ? 
to EC, then EH being made equal to 7 of X, the Point H ſtall 
be the Center of Oſcillation. : 
If the Weight of the Rod CD be too conſiderable to be ney 
lected, divide CD (Fig. 13.) in J, ſo that DJ may be equal ui 
z of CD, and make a Line as G, in the ſame Proportion to ( 
that the Weight of the Rod bears to that of the Globe, the 
having found H the Center of Oſcillation of the Globe, as be 
fore, divide /H in L, fo that IL may bear the ſame Proporta 
to LH, as the Line CH bears to the Line G; then will L k 
the Center of Oſcillation of the whole Pendulum. See the M 
thod of finding a general Rule for determining the Center t 


Oſcillation in all Caſes whatever, in the Appendix. 


* Dem. The Spaces, falling Bodies deſcend through, are: 
the Squares of the Times, when the Gravity by which tis 
are impell'd is given (Chap. V. F. 4.); and as the Gram 
when the Time is given (for the Sum of the Velocities product 
in any Time will always be as the generating Forces:] Col 
quently, when neither is given, they are in a Ratio compout 
ed of both; the Squares of the Times are therefore inverſly 


the Gravities, [ For if in 3 Quantities a, b, c; a is abi im 
a I of a 
then b: -, i e. if a is given, as - or as c inverſly.] But 0 
© c ire. 


U 
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the Gravity of all Bodies is leſs, the nearer 
they are to the Equator; viz. on account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explain'd 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occafion'd by 
the Heat in thoſe Parts; (for we find by Ex- 
periment, that Bodies are inlarged in every 
or Dimenſion in Proportion to the Degree of 
"E 1 Heat that is given them;) for which Reaſon 
th BY (F. 11.) the Vibrations of the Pendulum will 
alſo be ſlower. 


s 28 CHAP. VII. 
Of Projectiles. 


BODY, projected in a Direction pa- 

rallel or oblique to the Horizon, would 
proceed on in inſinitum in a right Line (by 
the firſt Law of Nature); but being continually 
accelerated toward the Earth by its Gravity, it 
will deſcribe a Curve called a Parabola &. 


Are! 

ch dg 

Gram the Squares of the Times, in which Bodies fall through given 

oda Spaces, are inverſly as the Gravities by which they are acted 
do upon ; then the Squares of the Tmes, in which Pendulums of 

npout equal Lengths perform their Vibrations, will be alſo in the 

very WJ fame Ratio, on account of the conſtant Equality between the 


Time of the Vibration of a Pendulum, and of the Deſcent 
of a Body through eight Times its Length (4. 12) 

Dem. Let us ſuppoſe the Body thrown from 4 in the 
Direction AB horizontally (Fig. 14.) or obliquely (Fig. 15.) it 
would (if not attracted towards the Earth) move uniformly 
C 2 from 
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from A towards B, that is, in equal Times it would deſcribe 


equal Parts of the Line AB, as AC, CD, DE, &c. but, if in | v 
the firſt Portion of Time, while it would move from 4 to | 
C, it would have deſcended from A to G by its Gravity, had it ke 


only been let drop from thence ; it will by a Compoſition | 
of theſe two Motions (Chap, IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Parallelo- BW ,, 
am ACGH. Then in twice that Time, wiz. while it would | 1 
— moved over two equal Portions, or from A to D, it th 
would fall downwards to M, four Times as far as before (Chap. 
V. b. 4.) and will therefore be found in J, ſuppoſing DI WW q: 
equal and parallel to AM. Then again in three Portions of 
Time, or while it would have moved over three Divifions, 
that is from A to E, it would have fallen downwards nine 5 f 
Times as far as in the firſt Portion of Time, and therefore be- 
ing carried by theſe two Motions will at the End of that 
Time be found in K, ſuppoſing EK, or its equal AN, nine tra 
Times as long as AG or CH, &c. Therefore the Lines CH, 


DI, EK, &c. which are to each other as the Numbers 1, 4, — 
9, &c. are as the Squares of the Lines 40, AD, AE; (theſe f 
being only as the Numbers 1, 2, 3.) But this is the Pro- | 
perty of the Parabolic Curve. (See De L' Ho/piral B. I. Prop. 1. i= 
Corol. 2. and Prop. 3. Corol. 1.) Conſequently the Curve "4 
AHIK, &c. which the Body moves in, whether thrown hori- WY : ©: 
zontally or obliquely, is a Parabola. 2. E. D. 8 = 
Lemma 1. The Quotient which ariſes from the Diviſion of BY . 

the Square of the Line AC by the Line 4G, wiz. the Quantity 4H 
Ny (in either of the Parabolic Curves, Fig. 14. or 15.) Mot 
44 AD; a 
the Square of the Line AD divided by AM, viz. T o« Bt. 
the Square of AE divided by AN, viz. =_ is equal to the Tir 
Parameter of the Point 4, for GHy is equal to AG multipliad * f 
by the Parameter (De L'Hoſpital Con. Sect. B. I. Prop. 1 & 3) d 
therefore the Parameter is equal to GH divided by AG, that i, "4 
= The ſame is demonſtrable of 40 divided by AM, &c. WW woulc 
| ; AN. 


and conſequently any of theſe Quantities may be indifferently is 1. 

put to expreſs the Parameter of the ſame Point. x Body 
Lemma 2. The Velocity a Body would acquire by falling fallin 

from an Height equal to the fourth Part of the Parameter d 5 

the Point A, is to the Velocity it would acquire by falling 

from 4 to N, as AE is to twice AN. Dem. 
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a Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 
. ter, with that which it would acquire by falling to N, let 77 
N U 

0 be made choice of to denote the Parameter. Then® will ex- 
5 preſs a fourth Part of the Parameter. Now becauſe the Ve- 


locities, acquir'd by falling Bodies, are as the ſquare Roots of 


it the Spaces they fall through (Chap. V. 5. 6.) the Velocity, ac- 
57 3 quir d by a Body in deſcending through#L, is to that Velo- 
- 9 city, which it — acquire by falling through AN, as the 
ne 5 ſquare Root of & 7 to the ſquare Root of AN; that is, ex- 
ve. AN 
I x 
. . tracting the Roots of thoſe Quantities, as 2 toy AN, 
, BS and, maltiplying each Term by A N. as Z AE to AN, or as 
4 WY AE to twice AN. Q. E. D. 
_ = Prcp. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
ivy falling through a Space equal to the fourth Part of the 
nv Be Parameter belonging to that Point of the Parabola, from whence 
on” it is intended to be projected. 
Den. The Velocity with which a Body muſt be projected 
1 of BY from 4 towards B, to make it deſcribe the given Parabola 
150 5 AHIK, muſt be ſuch, as would carry it to C by an uniform 
} ot Motion, in the ſame Time that it would deſcend by its Gra- 
SF vity from 4 to G; and to E, in the Time it would fall to 
EN, &c. as was before obſerved. Now the Velocity, with which 
( the Line AE 1s deſcribed with an uniform Motion, is to that 
WT which is acquired by the Body in falling to M in the ſame 
) the Time, as AE is to twice AN; becauſe (Chap. V. F. 7.) its Velo- 
oli! city in N would have carried it over twice AN in that Time, 
: had it allo been uniform. But by Lemma 2. the Velocity a 
of, Body would acquire, by falling through a Space equal to a fourth 


Part of the Parameter of the Point A, is to that which it 
„ Kc. would acquire by falling from A to M, alſo as AE te twice 
WAN. Since therefore the Velocity, with which the Line AE 
rently WF is deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 


_ falling through a fourth Part of the Parameter of the Point 
ter 0 


falling 
Den. 


C 3 


* 
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A, bear one and the ſame Proportion to that Velocity which 
a Body would acquire by falling from A to N, they muſt be 
equal. 2. E. D. a 
Corol. This affords us an eaſy Method of finding what Di. 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation, v. g. 
Let i: be requir'd to firike an Object as X, with a Ball thrown 
from A with a given Velocity. Here it is only neceſſary to 
make the Triangle 4NX (ſuppoſe a right Line drawn from 


A to X) ſuch, that => or, which the ſame Thing, 2 in 


the Triangle AEX, may be equal ta four Times the Space a 
Body mull tall through, to acquire ſuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the tollowing Lemma. 

Iemma. Let there be a Circle as FBC (Fig. 16) IK a Tangent 
in the Point 4, AB and XI parallel to each other, and let 


the ther Lines be drawn, as in the Figure, I ſay _ A Þ, 


For the Angle ABE is equal to the Angle E. X (32. Elem. 3 
and the Angle BAE is equal to the Angle AEXK as alternate, 
therefore the Triangles ABE and AEX are ſimilar ; conſe. 
quently 4B is to AE, as AE to- EX. and multiplying the 
extreme Terms together, and middle Terms together, AB x 
EK== AEg, and dividing both Sides of the Equation by EXA. 


AE 
AB = _—_ QE. D. By the ſame Method of arguing 


Al 
F may be proved equal to FB, 


The PRonLE u. 


Let it be requir'd to ſtrike an Object in a given Situation as k 

(Fig. 17.) with a Ball projected from A with a given Velocity. 
Solution, Fret B perpendicular to the Horizon, ard 
equal to four Times the Height a Body muſt fall from, to ac: 
quire the Velocity with which the Ball is to be thrown ; bi 
te this in the Point C, through which draw HC perpend 
cular to AB, and meeting the Line 4C (perpendicular 
AK) in C. On Cas a Center with the Radius C 4, deſcrib: 
the Circle ABD ; laſtly, through X draw the Line XE per 
pendicul: 
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II. Tux greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees *. 

III. Ir two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty-five De- 
grees as the other below, the horizontal Di- 
ſtances (or Randoms) where they both fall, 
will be the ſame +. 


IV. Tur 


pendicular to the Horizon, cutting the Circle in the Points E and 
[; I fay AE or Al will be the Direction ſought. 


For by the Lemma, 43 — 


"FR Te but (ex conflrudio. 
6 A is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 


therefore its Equl, Df ory, is the ſame, which by the Co- 


rollary was the Thing requir'd to determine the Direction ſought; 
conſequently the Parabola, which the Body will deſcribe, will 
paſs through the Point X. Q. E. D. 

Coroll. 1. From hence it is evident, that, if the Object to 
be ſtrack be placed any where in the horizontal Line 40 
(Fig. 18.) beyond Q, the Problem is impoſſible ; for then QH 
will not touch the Circle, and the Ball will not reach that 
Point with any Direction whatever. 


* And that when the Ball is directed towards H, it will 
fall on 2 the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle 2 A H being equal to 4B H in the oppoſite 
Segment (32. Elem. 3.) is equal to half AGH at the Center 
20. Elem. 3.) which is a right one; conſequently QAH is an 
Angle of 45 Degrees. 


+ Ceroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 19.) but nearer to A, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſe in K; the two 
Directions AF and 41, with which it may be hit, are equally 

C 4 diſtant 
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IV. Tux Height a Body will riſe to, when 
thrown perpendicularly upwards, is equal to 
half the greateſt horizcntal Diſtance it can be 
thrown to, with the ſame Velocity &. 

FRo hence we may eaſily know how far 
a Mcrtar-Piece, or other ſuch Machine, will 
carry a Ball. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 
and Deſcent, half that is the Time of Deſcent, 
from whence we learn the Height from which 
it falls (for Bodies are obſerv'd to fall in the 
firſt Second of Time ſixteen Feet, conſequent- 
ly in two Seconds they fall four Times ſixteen 
Feet (Chap V. F. 4.) in three, nine Times as 
much, Sc. but the perpendicular Height from 
whence it falls is the ſame with that to which 
it aſcended, conſequently (F. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 
an equal Charge. 


diſtant from the Direction An; for the Angles IAH and 
HAE are equal, as inſiſting on equal Arches IH and HE 
{28. Elem. z.) 


* Corcll. 3. The Altitude of a perpendicular Projection i: 
equal to a fourth Part of the Height AP; for the Velocity, 
with which the Body is projected, is {ex hyporh.) ſuch 35 
it would acquire by falling through a fourth Part of the Line 
AB ; but a fourth Part of the Line AB is equal to half the 
Line GH, or 42 (Fig. 18.) that is, half the greateſt hori- 
zontal Diſtance to which the Body can be thrown. 


See Cztes's Harmonia Menſurarum, p. 87, Rril's Introdud. 
ad Phyſ. Fre), 16. 
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V. Tur Randoms of two Projectiles, hav- 
ing the ſame Degrees of Elevation, but thrown 
with different Velocities, are as the Squares of 
che Velocities : For by the laſt, the Randoms 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
aſcend, but the Heights are (Chap. V. F. 6.) 
Jas the Squares of the Velocities, therefore the 
RNandoms are ſo too. 
= VI. Sorros ix the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
Vards, deſcribe Parabola's; notwithſtanding 
they appear both to aſcend and deſcend in the 
ame right Line. 

Tus may very eaſily be illuſtrated in the 
following Manner; let there be a Body car- 
Fried uniformly along the Line AB (Hg. 20.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C, let it be projected 
upwards, by ſome Force acting underneath it 
n the Direction CO penpendicular to the for- 
mer: the Body will not thereby loſe its Mo- 
ion, which it had in common with the Earth, 
Egowards B (by the firſt Law of Nature) but 
vill be carried by two Motions, one towards 
B, the other towards O; let us then ſuppoſe, 
hat in the Time it would have advanced for- 
PFrards to P in the Line AB, it riſes upwards to 
in the Line CO; it will then be found 
=p" (Chap. IV. F. 2.) In like Manner, ſup- 
Poſing it would have advanced forward to & 
| while 


- ] 
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while it riſes to N, it would then be found in ® 
E, afterwards in F, then in G, &c. deſcribing il 
the Curve CGL, which (from what was de- 
monſtrated under F. 1.) is a Parabola *. * 

Tux Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB; v. g. Sup- 
poſe the Spectator at C at the Inſtant the Body 
is thrown from thence, when it arrives at D, h 
will be moved to P, when the Body is at E h 
will be at Q, Sc. as is evident from what wa 
obſerved about the Motion of the Body in th 
Curve; and they will both meet in L. There. 
fore ſince the Spectator imagines himſelf ſtand 
ing ſtill, and ſees the Body always perpendicu 
larly over his Head, he muſt of Courſe think 
that it riſes right up, and falls right down. 


It may be proper to obſerve here, that Ex" 
periments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theory 
the Reſiſtance of the Air deſtroying Part ff 
their Motion; for which a ſmall Allowance 8 
to be made. 


Dem. Suppoſe the Motion the Body had in common wi" 
the Earth towards B (Fig. 21) and that with which it: 
projected towards O, ſuch, as being compounded (Chap. IV. $.! 
would have produced a Motion in the Direction CX ; it u 
follow from thence, that the Path deſcribed by it will be ü 
fame, as if it had becn thrown in that Direction from a Po 
as C at Reſt; but in that Caſe it would have deſcribed a? 
rabolaas CGL {\. 1." therefore alſo in this. 2. E. D. 


CH A! 
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ing d ' | bs H A P. VIII. 
1 Of Centripetal and Centrifugal Forces. 


ei W E N a Body is projected in an ho- 
A rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
chapter the laſt ; the Curvature of that Para- 
be bola will vary in Proportion to the Velocity 
he with which the Body is thrown, and the Gra- 
walk vity which impels it towards the Earth. For 
Ithe leſs its Gravity is in Proportion to the 
Ouantity of Matter it contains, or the greater 
nd the Velocity is with which it is projected; the 
icu leſs it will deviate from a ſtraight Line, and 
ink the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Direc- 
ton, and goes in a Curve Line, ſuppoſe to 
the Diſtance of two Miles from the Foot of the 
Mountain before it falls to the Ground; 
che ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by encreafing the Velo- 
1" Wo city, the Diſtance to which it is projected may 
. be encreaſed as much as you pleaſe ; ſo that 
it „it will not fall to the Ground, till it is arrived 
a Pe at the Diſtance of ten, or thirty, or ninety 
Degrees; or till it has even ſurrounded the 
whole 
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whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected: 
In this Caſe it will perform a ſecond Revolu- 
tion, and ſo on in infinitum, without a new 
Projection, provided the Reſiſtance of the Air 
is taken away. And were the Sphere of the 
Earth's Attraction a limited one, it might be 
projected with ſuch Violence, that it would 
continually recede from the Earth in a Cnc 
till at length it would go out of that Sphere; 
after which it would go on in a ftraigh:t Line 
without ever returning. Which may thus be 
illuſtrated. 

LeT ABC (Hg. 22.) repreſent the Earth, 
M the Top of the Mountain from whence 
the Body is projected in the Direction M: 
It may be thrown with ſuch Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
MO, by which Means, if it gets out of the 
Sphere of the Earth's Attraction, ſuppoſe at O, 
it will go on afterwards in the infinite ſtraight 
Line OX, there being nothing to ſtop or alter 
its Courſe. Farther it may be projected with 
ſuch a Force from M (Fig. 23.) as will cauſe i 


continually to recede from the Earth, till it at- 


rives at the oppoſite Point G, deſcribing the 
Curve MKG; and if the Point G is within the 
Sphere of the Earth's Attraction, the Body will 


return to M, deſcribing the Curve GLM - 
actly 


Cl 
at 


anc 
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of Nactly ſimilar to MKG; and in moving nearer 
d: Wand nearer to the Earth, till it comes to M, will 
u- Wregain what Velocity it loſt in going from M 
ew to G, its Gravity conſpiring with its Motion 
Air rom G to M in the ſame Degree in which it 
the Noppoſed it from M to G; conſequently the 
be Body when at M, having recovered the Velo- 
ulc city with which it ſet out, will be enabled to 
©, Wperform a ſecond Revolution in the ſame Curve 
re; Es before; and fo on. 
ine i Acain, ſuppoſe it had been projected from 
be the Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
th, FMDM { Fig. 22.) but greater than would have 
nce Wluffered it to have fallen to the Earth at the 
oppoſite Point F (Fg. 23.) it would alſo in 
this Caſe have arrived at the Point of M, from 
whence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
M, would be ſufficient to carry it off again 
rom the Earth, till it arrived at M; and to 
make it deſcribe the Path FPM exactly ſimi- 
ar and equal to the former, loſing in its Way 
rom F to M juſt to much Velocity, as it gain- 
d by paſſing from M to F; and thereby it 
yould be enabled to perform an infinite Num- 
der of Revolutions in the ſame Curve, with- 
ut requiring a ſecond Projection. 


FROM 
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From hence it follows, that ſuppoſing 2 T 
Body projected from a Point at any Diſtance 
within the Sphere of the Earth's AttraCtion, 
with a Force ſufficient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half, 
but will return to the Point from whence i 
fet out, making continual ſucceſſive Revolu- th 
tions in the ſame Curve; provided it meet þ 
with no Reſiſtance from the Medium throug «« 
which it paſſes, nor any other Obſtacle to ob de 
ſtruct its Motion *. I 

FRoM hence alſo it is clear, that, the neat. tur 


74 —̃ —e—⅛ 
2 
Fa. 


er the revolving Body approaches to the Earth — 
the faſter it moves; its Velocity being conti-W the 


nually increaſed during the Time of its Accel =! 
towards the Earth, and as much retarded du Im 
ring its Receſs from it. And this Accelers| 
tion and Retardation will always be ſuch, tha 
the Body will deſcribe equal Areas in equi 
Times: The Meaning of which is, that it wi 
imagine a Line conſtantly extended from thi 
Center of the Earth to the Center of the 
Body, that Line will always deſcribe or pak 
through equal Surfaces or Spaces in equi 


* Gravity is here ſuppoſed to be inverſly as the Squares d 
the Diſtance from the Earth, for 'tis poſtible that the Fort 
by which a Body tends towards another, may vary in ſuch? 
Manner at different D. ſtances, that the projected Body hal 
deſcribe a ſpiral Line, continually approaching to, or rececin! 
from that about which it revolves, 


Time 5 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice versd *. 

AnD for the ſame Reaſon that a Body, pro- 
jected with a, ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceſſive Revolutions therein; it follows, that 
the Moon may by the ſame Force of Gravi- 


* Dem. Let the Time in which the Body performs one Re- 


W volution be divided into equal Parts, in the firſt of which let 


the Body deſcribe the right Line AB (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Be equal to 4B by the firſt Law of Na- 
ture; the Lines $4, SB, Sc being drawn, the Triangles 8B. 
cg, will be equal to each other, their Baſes AB and Be be- 
ing equal, and their Heights S the ſame (38. Elem. 1.) When 
the Body arrives at B, let the centripetal Force by one fingle 
Impulſe turn it out of the ſtraight Line B c into the Line BC; 
in which let it move on uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Cc be drawn parallel to 8 B 
meeting BC in C; then at the End of the ſecond Part of Time, 
the Body will be found in C, having deſcribed the Diagonal 
of the Parallelogram Nc (Chap. IV. F. 2.) Draw SC, and the 


a Triangle SCB will be equal to the Triangle ScB, (each hav- 


ing the ſame Baſe 8 B and being between the ſame Parallels 
Cc and SB) and therefore alſo equal to the Triangle & B A. 
For the ſame Reaſon, if the centripetal Force acts in the Points 
C, D, & ſucceſſively, fo as to make the Body deſcribe the 
ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle $43, Conſequently equal 
Areas are deſcribed in equal Times. Let us then ſuppoſe the 
Baſes of thoſe Triangles, wiz. AB, BC, CD, DE, &c. di- 
miniſhed in infinitum, and likewiſe the Times in which they 
are deſcribed ; then will the Perimeter 4, B, C, D, E, F, 
&. become a Curve, and any Number of thoſe Triangles taken 


together (or their Areas} will be proportionable to the Times 


in which they are deſcribed. Q. E. D. 


ty 


other Planet, by the like Force, about the 
Sun; if the Velocities with which they move 


are duly adjuſted to the Forces by which they! 


are acted upon. 
Wurx a Body revolves about anather in 


this Manner, that Force or Power by which it | 


is prevented from flying off (as it otherwiſe 


would do in a Tangent to the Curve which it! 


deſcribes) is call'd the Centripetal; the Coun. 


ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the third 


Law of Nature, being equal to each other, 


are called by one common Name, Central . 


Forces ; that with which the Body is at firſt 
projected, or continues its Motion from any 
Point, is the Prgje#ile Force; and the Time 
in which it performs one Revolution, the Pe- 
riodical Time. 

Tuksx Forces, properly relating to the Mo- 
tions of the Heavenly Bodies, will be more 
largely treated of in the fourth Part of this 


Treatiſe. 
. 


Of the Communication of Motion. 


I. EFORE we proceed to explain the 
Laws, by which Bodies communicate 


their Motion from one to another, it is very 
neceſlary 


> 
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neceſſary to make a Diſtinction between Mo- 
ton and Velocity; which ought to be well ob- 
ſerv'd, and is as follows. 
= By the Motion of a Body (ſometimes called 
Wits Quantity of Motion, ſometimes its Momen- 
Fam) is not to be underſtood the Velocity only, 
with which the Body moves; but the Sum of 
he Motion of all its Parts taken together: 
WConſequently the more Matter any Body con- 
Nins, the greater will be its Motion, though 
Wits Velocity remains the ſame. Thus, ſuppoſing 
wo Bodies, one containing ten Times the Quan- 
; ity of Matter the other does, moving with 
qual Velocity; the greater Body is faid to 
Wave ten Times the Motion, or Momentum, 
What the other has: For 'tis evident, that a 
Wenth Part of the larger has as much, as the 
ther whole Body. In ſhort, that Quality in 
Woving Bodies, which Philoſophers underſtand 
the Term Momentum or Motion, is no 
ther than what is vulgarly called their Force, 
Which every one knows to depend on their 
Wuantity of Matter, as well as their Velocity. 
his is that Power, a moving Body has to affect 
other in all Actions that ariſe from its Mo- 
on, and 1s therefore a fundamental Principle 
Mechanics. | 
IT. Now, fince this Momentum, or Force, 
pends equally on the Quantity of Matter a 
dy contains, and on the Velocity with which 
moves; the Method, to determine how 
l D great 


A. 


2 
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great it is, is to multiply one by the other 0 
Thus, ſuppoſe two Bodies, the firſt havig © 
twice the Quantity of Matter, and thria n 
the Velocity, which the other has; any tu I 
Numbers, that are to each other as two to of. 
will expreſs their Quantities of Matter (it V P' 
ing only their relative Velocities and Quant In 
ties of Matter which we need conſider) a *: 
any two Numbers that are as three to e. 
their Velocities ; now multiplying the Qua in 
tity of Matter in the firſt, vz. two by its im 
locity three, the Product is fix; and mul ( Bc 
plying the Quantity of Matter in the ſecaſ P 
by its Velocity, vig. one by one, the Prodi | 
is one; their relative Forces therefore or Poi wh 
ers will be as ſix to one, or the Moment of che 
is fix Times greater than that of the oth” 
Again if their Quantities of Matter had beben 
as three to cight, and their Velocities as two by 
three, then would their Moments have been WW One 
fix to twenty four, that is, as one to four. Nh. 
Tuts being rightly apprehended, what f * 

lows, concerning the Laws of the Communii Pine 
tion of Motion by Impulſe, and the mech: the 
cal Powers, will be eaſily underſtood. 7 

elc 


The Communication of Motion. twel 
I. In Bodies not Elaſtic, 


UI.  Trose Bodies are ſaid to be not! 
lic, which, when they ſtrike againſt one al 
x) t 


* 
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ther, do not rebound, but accompany one a- 
nother after Imp2@, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
prefling Force ceaſes to act. For all rebound- 
ing is occaſtoned by a certain Spring in the 
W Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and throw off the 
C impinging Body; now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 
paration after Impact. 

IV. Wurd one Body impinges on another 
which is at Reſt, or moving with leſs Veloci 
the fame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after ImpaQ, as before ; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 

Tuus, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at Reſt : The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the ſame; the Sum in both 
twelve; this remains the ſame after Impact 
(F. 4.) and is equally divided between them 
. 3.) they have therefore fix a-piece, that is, 
of Ache impinging Body communicates half its 
as Velocity, and keeps half. 


tl 
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V. Wren two Bodies impinge on each o- 
ther by moving contrary Ways, the Quantity 
of Motion, they retain after Impact, is equal 
to the Difference of the Motion they had be- 
fore; for by the ;third Law of Nature, that, be 
which had the kaſt Motion, will deſtroy a. 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
is the Difference. 5 th 
Ius for Inſtance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
Cities will be two ; this remains the ſame after 
Impact (F. 5.) and is equally divided be. 
tweeen them (F. 3.) they have therefore on: 
a-piece : That is, the Body, which had five 
Degrees of Velocity, loſes thife, or as much a 
the other had, communicates Ralf the Remain- 
der, and keeps the other half “. 


From theſe Poſitions it is eaſy to reduce a Theorem, tba 
ſhall ſhew the Velocity of Bodies after Impact in all Caſes what 
ever, Let there be two Bodies A and B, the Velocity of the fi 
a, of the other 6; then (F. 2.) the Moment of A will be er 
preſſed by Aa, and of B by Bb ; therefore the Sum of bod 
will be 4a+Bb ; and Aa- will be the Difference whe 
they meet. Now theſe Quantities (by <. 4. and 5.) remain the 
ſame after Impact; but knowing the Quantities of Motion ats 
Quantities of Matter, we have the Velocity (which F. 3. is ti 

_ lame in both) by dividing the former by the latter (as follow 
from F. 2.) therefore or — will in all Caſes ei 
preſs the Velocity of the Bodies 3 


II. In 
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i II. In Elaſtic Bodies. 
VI. Bopixs perfectly Elaſtic are ſuch as re- 
u. bound after Impact with a Force equal to that 
with which they impinge upon one another: 
eq Thoſe Parts of their Surfaces, that receive the 
A Impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a 
Force equal to that of Impact. | | 


VII. From hence it follows, that the Action 
u of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
©. twice as much as the ſame in Bodies void of 
Elaſticity, Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Motion as if 
hey had not been Elaſtic ; we have therefore. 
an eaſy Way of determining the Change of 
otion in Elaſtic Bodies, knowing firſt what 
t would have been in the ſame Circumſtances, 
ad the Bodies been void of Elaſticity. | 
Tavs, if there be two equal and Elaſtic 
Bodies, the -one in Motion with twelve De- 


e El e ee 

f bobrees of Velocity impinging on the other at 
et, the impinging. Body will communicate 
N 


wice as much Velocity as if it had not been 
laſtic, that is (by F. 4.) twelve Degrees, or 
il it had; conſequently it will be at Reſt, and 
he other will move on with the whole Velo- 
ty of the former. 25. 5 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E. 
laſtic, it loſes more than all; that is, the Ex- 
ceſs of what it loſes, above what it has, is ne- 
gative, or in a contrary Direction; thus, ſu 

the Circumſtances of Impact ſuch, that x 
Body, which has but twelve Degrees of Velo- 
city, loſes ſixteen; the overplus four is to be 
taken the contrary Way, that is, the Body wil 
rebound with four Degrees of Velocity: v. g. 
Let it be required to determine the-Velocity 
of a Body after Impact againſt an immoveable 
Object. Let us firſt ſuppoſe the Object ant 
Body both void of Elaſticity: Tis evident the 
impinging Body would be ſtopp'd or loſe all it 
Motion, and communicate none; if they ar 
Elaſtic, it muſt loſe twice as much (by F. 7 
and conſequently will rebound with a Foro 
equal to that of the Stroke. | 

IX. Ir is ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be infinitely 
hard; for then the Impreſſion in the Elaſtic 
Body will be double of what it would havt 
been, had they both been equally Elaſtic : And 
conſequently the Force with which they te- 
bound, will be the fame as if the Impreſſion 
had been equally divided between the tw 
Bodies. | 

X. THERE are no Bodies, that we kno 
of, either perfectly Elaſtic, or infinitely = | 
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the nearer therefore any Bodies approach to 
perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 
thoſe we have laid down. | 

XI. Sir IsAAc NRwWTo made Trials with 
ſeyeral Bodies, and found that the ſame De- 
gree of Elaſticity always appeared in the ſame 
Bodies, with whatever Force they were ſtruck, 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they met; and in Steel, he 
found nearly the ſame Porportion; in Cork the 
Elaſticity was ſomething leſs, but in Glaſs 
much greater; for the Celerity, with which Balls 
of that Material ſeparated after Percuſſion, he 
found to bear the Proportion of fifteen to ſix- 
teen to the Celerity wherewith they met *. 

XII. Wr have hitherto ſuppoſed the Di- 
retion, in which Bodies impinge upon one 
another, to be perpendicular to their Surfaces : 
When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 
nifeſt that a direct Impulſe is the greateſt of all 


* Newt. Princip. Phil, pag 21. 
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others that can be given with the ſame Degree 
of Velocity *. 

XIII. Tx1s is the Cafe, when Bodies impel 
one another by acting upon their Surfaces; 
but in Forces, where the Surfaces of Bodies 
are not concerned, as in Attraction, &c. we 
muſt not conſider the Relation which the Di. 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be leſs, by hoy 
much the more theſe two Directions vary 
from each other T. My Meaning in both 

Caſes 


* The Force of oblique Percuffion is to that of direct, as tic 
Sine of the Angle of Incidence to the Radius. 

Dem, Let there be a Plane as AD (Fes, 25.) againſt which let 
a Body impinge in the Point D in the Direction BD : which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
be reſolved into two others (Chap, IV. F. 2) BC and 34; the 
one parallel, the other perpendicular to the Plane; but that Force 
which is exerted in a Direction parallel to the Plane can no Way 
affect it ; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line B. J; but this is to the Line BD, as the Site 
of the Angle of Incidence 405 to the Radius; from whenc: 
the Propoſition is clear. 

It the Surface of the Body to be ſtruck is a Curve, then let 4D 
be made a Tangent to D the Point of Incidence, and the De- 
monſtration will be the ſame. 


+ The Force of oblique Action is to that of direct, as the Co 
Sine of the Angle coinprehended between the Direction of the 
Force, and that wherein a Body is to be moved thereby, to tht 
Radius. | |, 

Dem. Let FD (Fig. 26.) repreſent a Force acting upon: 
Body as D, and impeiling it towards E; but let DM be tix 
only Way in which it is poſſible for the Body to move : the 

orce 
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Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 
face of the Sail: But the Force of the Sail, to 
move the Ship forward, will be. leſs, by how 
much the more the Direction of the. Ship's 
Courſe varies from that, in which ſhe is im- 
pell'd by the Sail. | 72780 
XIV. To this we may add the following 
Propoſition, relating to oblique Forces, vis. 
that, if a Body is drawn or impelled three 
different Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeve- 
ral Sides of a Triangle, drawn reſpectively 

parallel to the Directions in which they act *. 
C HAP. 


Force FD may be reſolved (Chap. 4. $. 2.) into two others F 
and FH, or which is equal to GD; but 'tis evident that only the 
Force GD impels it towards M. Now, FD being the Radius, 
Dis the Co-Sine of the Angle FDG comprehended between 
the two Directions FE and GM; from whence the Propoſition 
i clear. | — 

* Dem. Let the Lines AP, AD, AE, (Hg. 27.) repreſent 
the three Forces acting upon the Body A in thoſe Directions, 
and by that Means keeping it at Keſt in the Point 4. Then 
the Forcs EA and DA will be equivalent to Þ A, otherwiſe 
the Body would be put into Motion by them (contra Hyporh. 
But theſe Forces are alſo equivalent to AC (ap. IV. F. 2.) 
conſequently AC may be made uſe of to expreſs the Force 4B ; 
and EC, which is parallel and equal to AD, may —_— the 

Orce 
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Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 
face of the Sail: But the Force of the Sail, to 
move the Ship forward, will be. leſs, by how 
much the more the Direction of the. Ship's 
Courſe varies from that, in which ſhe is im- 
pell'd by the Sail. | 17459 
XIV. To this we may add the; following 
Propoſition, relating to oblique - Forces, vis. 
that, if a Body, is drawn or impelled three 
different Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeve- 
ral Sides of a Triangle, drawn reſpectively 
parallel to the Directions in which they act *. 


CHAP, 


Force FD may, be reſolved (Chap. 4. F. 2.) into two others FG 
and FH, or which is equal to GD; but 'tis evident that only the 
Force GD impels it towards M. Now, FD being the Radius, 
GD is the Co-Sine of the Angle FDG comprehended between 
the two Directions FE and GM; from whence the Propofition 
ys clear. I 
Dem. Let the Lines AP, AD, AE, (Fig. 27.) repreſent 
the three Forces acting upon the Body A in thoſe Directions, 
and by that Means keeping it at Keſt in the Point 4. Then 
he Forcs EA and DA will be equivalent to B A, otherwiſe 
the Body would be put into Motion by them (contra Hypoth. 
But theſe Forces are alſo equivalent to AC (CHap. IV. F. 2.) 
onſequently AC may be made uſe of to expreſs the Force 4B ; 
and EC, which is parallel and equal to 4D, may _ the 
Orce 
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I. AVING, in the foregoing Chapts 
10 accounted for the Communication 
Motion by Impulſe ; we proceed next to con- 
fider Motion as communicated by Means d 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe d 
theſe Powers conſiſts chiefly'in managing grea 
Weights, or performing other Works with 1 
determinate Force. 
II. Tay are ufvally reckoned five, dis 
The Lever, the Wheel and Axis, the Pulh, ce 
the Screw, and the Wedge; to which fom 
add the inclined Plane. - To theſe all Machine 
how complicated ſoever are reducible; 
III. Trzss Inftruments have been ef 
ancient Uſe ; for we find that Archimedes wal 
well acquainted with the Extent of their Pos 
er; as may be inferred from that celebrats mor 
Saying of his, Abs Ts 70, * hn ur A 
By which he meant, that the greateſt ĩmaꝶ 
nable Weight might be moved with the {mall 
eſt Power, 


Force AD, while AE expreſſes its own : But ACE i 11 

angle whole Sides are all nts to the given Directioꝶ 

chereſore the Sides of this Triangle will — the Relation { 
2 ehe Forces by which the Body — at Reſt, Q. F. D. 


IV. Tul 


t 
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IV. THAT Body, which communicates Mo- 
jon to another, is called the Power ; that 
hich receives it, the Weight. 

V. THAT Point in a Body, which remains 
it Reſt, while the Body is turning round, is 
alled the Center of Motion. Beſides this, there 
ire two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 
le, equally diſtant from all the external Parts 


y th pf the Body; 2. That of Gravity, or that, 
& bout which all the Parts of the Body, in 


whatever Situation it is placed, exactly balance 
ach other. 

VI. Wurd a Body communicates Motion 
0 another, it loſes juſt ſo much of its own, as 
t communicates to that other; the Action of 
ne being equal to the Reaction of the other. 
dee Chapter the laſt, F. 4. and 5. 

VII. Wurx two Bodies have ſuch Rela- 
jon to each other (ſuppoſe them fixed to dif- 
ferent Parts of the ſame Machine) that if one 
& put into Motion, the other will thereby 
cceſſarily have ſuch a Degree of Velocity gi- 
en it, that their Moments will be equal ; it 
vill then be impoſſible, that one ſhould begin 
0 move without communicating to the other 
Quantity of Motion equal to its own; tis 
ident therefore from the laſt Propoſition, that 


„f we ſuppole it to begin to move, in that 
iy ery Inſtant it muſt loſe all its own Motion 


yy communicating the whole to the other 
Body, 


1 
[ 
| 


They will alſo be equal, when the Spaces the 


qual to that of the Weight; provided the 
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Body, and therefore, being left to itſelf, vil 
remain at reſt, and communicate none at all. 
Now the Moments of two Bodies are equi 
(Chap: IX. F. 2.) when the Velocity of the 
firſt is to that of the ſecond,” as the Quantity 
of Matter of the ſecond to that of the firſt; 
or if we ſuppoſe their Quantities of Matte 
as one to three, then by the Suppofition thei 
Velocities are as three to one; and if we mul. 
tiply the Quantity of Matter in the firſt, vr 
one, by its Velocity three, and that of the „en 
ther, vig. three, by its Velocity one; their Pro- 
ducts are equal : their Moments are therefor 


by the Definition (Chap. XI. F. 1. and 2.) equal, 


Bodies paſs over are in that Proportion ; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 

VIII. From hence it follows, that in any 
Machine, whether ſimple or compound]; the 
Power however mall may have a Moment 


Machine be ſuch, that when it is in Motion, 
the Velocity of the Power ſhall bear ſuch Pro 


portion to that of the Weight, as the Weigd nd 


does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity; conſequently their 
Moments will be equal by §. the laſt, and 
therefore by F. 7, they will exaCtly balanct 
each other ; or bo in Æguilibrivsz. 
IX. Bu 
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wills IX. Bur if the Power bears a greater Pro- 
11. Portion to the Weight, than the Velocity of 
qui be Weight to that of the Power; it will 
the nen have a greater Momentum than the other; 
tit o that though the other receives all its own 
irſt; Moment from it when the Machine moves, 
atter et there will ſome remain, which, if it be ſuf . 
ther Micicnt to overcome the Friction of the Machine 
mul Nrill keep it moving. ] 

| WI proceed now to treat of each Mecha- 


vis. 

ge „ical Power in its Order, and 

Pro- 

efore I. Of the Lrver. 

qual, X. Tur Lever is a right Line (or Bar whoſe 
the Weight in Theory is not conſider'd) moveable 


n a Center, which is called its Fulcrum, or 
fred Point. 

XI. Tye Aquilibrium in this Machine is, 
hen the Diſtance of the Power from the fixed 
Point is to that of the Weight from the ſame, 


r the 
, the 


1 any 


, the 


mem the Quantity of Matter in the Weight is to 
1 the hat in the Power. 

tion For, ſuppoſing the Lever placed on its Ful- 
Pro-MWrum with the Weight to be raiſed at one 


End, and the Power applied to the other ; 
is evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
ager will be its Sweep when the Machine is 
put in Motion; that is, it will move aver pro- 
portionably more Space in the ſame Time than 
he Weight to be raiſed: now, if it is placed juſt 
Br o 


eight 
wer 
will 
their 
and 
alance 


, 
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ſo many Times farther from the Fulcrum, as; 
is leſs than the Weight, it will move juſt { 
many Times faſter ; their Moments therefo 
will be equal ($. 7.) and conſequently the Po 
er and Weight will exactly balance each othe 
or be in /quilibrio ®. And, if the Power if 
ſufficiently augmented to overcome the Fricti 
of the Machine, it will put it in Motion. : 

Tu Lever is of three Kinds. I. When th 
fixed Point is between the Weight and th 
Power, as in the laſt Caſe, 2. When thi 
Weight is between the fixed Point and ti 
Power. 3. When the Power is between tt 
fixed Point and the Weight. 

In all which Caſes the Aquilibrium wi 
be, when their Diſtances from the fixed Poir 
are ſuch, that their Velocities ſhall be inverk 
ly as their Quantities of Matter; for then (b 
8. 7.) being at Reſt, neither of them will con 
municate any Motion to the other. 

Tn common Scales may be conſidered : 


* Geometrically thus. Let 4B ( Fig. 28.) repreſent thel- 
ver, F the Fulcrum, the Weight, P the Power, the one (6 
pended at the Extremity of the Bw A, the other at B, u 
let BF be to FA as W to P; then while the Lever moves fro 
the Situation AB into that of CD, the Point B which fuſta! 
the Power will move as many Times farther than A which ſuſtain 
the Weight (and conſequently as many Times faſter, fince ti! 
perform their Motions in the ſame Time) as the Arch BD is long 
er than AC; that is, the Triangles BFD and AFC being fimil 
as the Arm BF is longer than AF, which (ex Hypoth. ) is as 
ny Times as the Weight exceeds the Power, they will thereid 
($. 7.) be in /Equilibrio, 2. E. D. 
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Lever of the firſt Kind, where the Weight 
Id Power are applied at equal Diſtances from 
Ihe fixed Point. | 

The Steelyard is alſo a Lever of the firſt 
Rind, but whoſe Arms are unequal. 

Tux Difference between the Uſe of the 
Scales and the Steelyard conſiſts in this; that 
Ius in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
beavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
ſpet to that of the Weight by applying it 
farther from the fixed Point, which by §. 7. 
will have the ſame Effect. | 


II. The WurzL and Axis. 


XII. Tris Machine is a Wheel, that turns 
round together with its Axis; the Power in 
this is applied to the Circumference of the 
Wheel, and the Weight drawn up by Means 
of a Rope wound about the Axis, 

XIII. In this there will be ar. Aquilibrium, 
when the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of the 
Axis, 

'T1s evident, the Velocity of the Power will 
exceed the Velocity of the Weight, as many Times 
as the Circumference of the Wheel exceeds that 
of its Axis; becauſe the Spaces they paſs over 
in one Revolution will be as thoſe Circum- 
ferences ; that is, as many Times as the Dia- 

meter 
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meter of one exceeds that of the other (ths 
Circumferences of Circles being as their Diz. 
meters;) what therefore in this Caſe the Poy. 
er wants in Weight will be made up in Velo. 
city, from-whence (F. 7.) there will be an A. 
quilibrium “. | 

Tre Uſe of this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be. 
ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another; 
accordingly there are few compound Machine 


without it, 


HI. The PoLLty. 
XIV, A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 


Axes. 
XV. A ſimple Pulley, if its Axis is fixed, 


is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 
Weight will both move through an equal 


* Geometrically thus. Let AB (Fig. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, the Weight, and 
P the Power; when the Wheel begins to move, the Point 
B and D will deſcribe fimilar Arches about the Center C, in 
the ſame Manner the Point 4 ind B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point l 
will move as many Times faſter than D, as CB is longer than 
CD or 4B than DF, the Motion therefore of P ($. 7) will 
be equal to that of V. From whence the Propoſition is ce. 


Space 


incre. 
wher 
ith 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fig. 31. the Aquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullies, 
For, ſuppoſe one End of the Rope fixed 
m B (Fig. 30.) and the other ſupported by the 


Power P, it is evident, that in order to raiſe 


lo- te Weight W one Foot, the Power muſt riſe 
8 two, for both Ropes, viz. BC and CP, will 


be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight ; if therefore the Power is to 
the Weight as one to two, their Moments will 
oſed be equal: for the ſame Reaſon, if there be four 
ber Ropes paſſing from the upper to the lower 
Pullies as in Fig. 3 1. the Velocity of the Power 
xed, I will be quadruple to that of the Weight, or as 
Irec- WW four to one, Sc. In all Caſes therefore when 
and the Power is to the Weight, as one to the 
qui Number of Ropes paſſing from the upper to 
the lower Pullies (§. 7.) there will be an E- 
quilibrium. 
Point M XVI. Ir the Pullies be diſpoſed as in Figure 
C, in che zad, each having its own particular Rope, 
+3 the Action of the Power will be very much 
r than Wincreaſed ; for here every Pulley doubles it, 
en. Iwberefore the Power is four Times greater 
ith two Pullies, eight Times with three, 
pace E ſixteen 
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fixteen Times with four, Cc. For, it is evi. 
dent from the Conſideration of the Figure, the 


firſt will move half as faſt as the Power, 
the ſecond half as faſt as that, and fo on; 
wherefore (5. 7.) the Power is doubled by 
each Pulley. | 
Tur Uſe of the Pulley is nearly the ſame 
with that of the Wheel and Axis, but it i 
more portable, and eaſier to be fixed up. 


IV. The Screw. 


XVII. In this Machine the Equilibrium 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous 
Threads or Spirals in the Screw, to the Way 
deſcribed by the Power in one whole Revolu- 
tion. It is manifeſt from the Form of the 
Machine (Fig. 33.) that in one Revolution d 
the Screw, the Weight will be moved through 
a Space equal to the Diſtance of two coni- 
guous Threads, and that the Power will rut 
through a Space equal to the Compaſs it, take 
in one Revolution, therefore (F. 7.) if ti 
Weight is to the Power in that Proportion 
there will be an Æquilibrium. 

Tnis Machine is of great Force, and ve! 
uſeful in retaining Bodies in a compreſſe 
State, becauſe it will not run back, as thi 
three foregoing will, when the Power is 1 
moved, This ariſes from the great Frictia 
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of thoſe Parts in the Screw, which during its 
Motion flide upon thoſe that are at Reſt, 


V. The Wocx. 


XVIII. Tris Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third; 
which is called the Back of the Wedge ; the 
other two, its Sides. 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 
which it is acted upon by the Machine, as is 
commonly the Caſe; but in this, the Weight 
1s generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge ; 
hence it is, that Mathematicians have wide- 
ly differed in their Determination of the 
Power of this Machine, ſome conſidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will ' there- 
tore lay down the ſeveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 
one. 1. It is demonſtrated by ſome, that the 
Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 
to it, as the Breadth of the Back of the Wedge 

9 E 2 does 
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of thoſe Parts in the Screw, which during its 
Motion ſlide upon thoſe that are at Reſt. 


V. The Wpcx. 


XVIII. Tis Inſtrument is formed by two 
equal Rectangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third; 
which is called the Back of the Wedge ; the 
other two, its Sides. 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 
which it is ated upon by the Machine, as is 
commonly the Caſe; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge ; 
hence it is, that Mathematicians have wide- 
ly differed in their Determination of the 
Power of this Machine, ſome confidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 
one. 1. It is demonſtrated by ſome, that the 
Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 
to it, as the Breadth of the Back of the Wedge 

E 2 does 
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does to the Sum of its Sides; or, which is 
the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge. 4. Some are of Opi- 
nion, that there will not be an Equilibrium 
in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 
the perpendicular Height; viz. WALL, 
KEIL, GRAVESANDE, &c. 

Tuosz, who lay down the firſt Proportion 
for determing the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from their fir 
Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let BAC (Hg. 34, 
repreſent a Wedge; P, P, two Bodies to be 
ſeparated by it, the one to be moved toward 
I, the other towards F, in the Directions Cl. 
and CF, perpendicular to AC and CB; then 
tis evident, that when the Wedge is driven 
into the Situation MNO, the two Bodies 
will be moved toQ and Q; that is, one wil 
have paſſed through the Space CK, the other 
through CL, but theſe Spaces being equal, 
their Velocities are the ſame as if they had 
both paſſed over one of them, v. g. CL, or, 


which is equal to it, DG (drawn perpendicu- U 


lar to CB); therefore the Power, which we 


ſuppoſe applied at D, moves through DC, while 
| ch 
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the Obſtacle moves through DG, conſequent- 
ly (C 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB *, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, is 
true. 

2. THE ſecond Proportion is alſo true, ſup- 
poling the Bodies P, P, to recede from each 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or, which is equal 
toit, DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 
as before; conſequently (F. 7.) in this Caſe, 
the Equilibrium will be, when the Power is 
to the Weight, as half the Back of the Wedge 
to its Height +. 

E 3 3. Tos 


For (8 Elem. 6.) the Triangles DCG and DCB are ſimilar, 
and conſequently DG: DC: : DB: CB, 

7 The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter 9. thus, Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge ABC by the Weight V, in the Direction LF, 
parallel to the Back of the Wedge 4B; but prevented from 
liding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe repreſented by EF) lying under it. I fay, the 
Power will be to the Weight, when they are in Equilibrio, as 
D4to DC, | 


Dem, 
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3. Tuosx, who imagine there will not be 
an Æquilibrium, unleſs the Power be to the 
Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 
recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ar. 
gument: vz. that, when the Wedge is driven 
into the Situation MNO (Fig. 34.) as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 
the whole Weight has therefore moved through 


Dem. The Body L is here acted upon in three Direction, 
wiz. by the Force of the Weight in the Direction LF, by 
the two Planes CA and EF, in the Directions LG and II 
perpendicular to their Surfaces ; let GE be drawn parallel to 
LI. then will the Triangle LGE have all it Sides reſpec- 
tively parallel to thoſe Directions; conſequently (Chap. . f. 1% 
if we ſuppoſe LE to expreſs the Force of the Weight, GE will 
expreſs that of the ſuppoſed Plane, or which is the equal to it 
becauſe they act in contrary Directions to that of the Power: Bat 
GE is to EL, as DA to DC (for the Triangles EGL and DA 
are ſimilar, the Sides of one being «x Conftruct. reſpettivel 
perpendicular to thoſe in the other; v. g. LG to CA, EL v 
DC, and GE to DA) ; conſequently the Power is to the 
Weight, when they balance each other, as half the Bread 
of the Back of the Wedye to its Height. ©. E. D. 

Corel. Suppoſe the Body JL had been drawn againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction toward: 
G, as in the firſt Caſe; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that with 
which it reſiſts the Power; but GE is to GL as DA to 4. 
the Triangles EG L and DA being ſimilar ; conſequently in 
this Caſe, the Power will be to the Weight, as half the Breadth 
of the Back of the Wedge to one of its Sides; as was before 
demonſtrated. ; 
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twice ſo much, or a Space equal to the whole 
5 Back: as much as to ſay, the Whole has mo- 

ved farther than its Parts; which is abſurd. 
XX. To determine the Power of this Ma- 
© chine in general, let ABC, in Fig. 34. repre- 
ſent an iſoſceles Wedge, whoſe Sides are AC 
and BC, and its Back AB; draw the Line CD 
I perpendicular to AB; and let R, R, repreſent 
two equal Bodies to be ſeparated by the Wedge, 
and ſuppoſe them confined by Planes put un- 
der them, or otherwiſe, to move in the Direc- 
tions mT. and Z only, that are equally inclined 
to the Sides AC and BC reſpectively : and let 
the Wedge be driven in the Direction DC. Let 
be the Point where the Body R touches the 
Wedge, and through n any Point in the Line 
nn draw the Line 72 parallel to DC, and pa- 
| ralle] to mT draw DX meeting CB (produced if 
neceſſary) in X; then the Triangles nr and 
CDX will be ſimilar, the Sides of the one 
being reſpectively parallel to thoſe of the other. 
And becauſe the Bodies to be ſeparated are 
equal, and the Wedge iſoſoeles, the Lines T 
and Z equally inclined to the Sides CB and 
CA, and the Wedge driven in the Direction 
DC, the Bodies will be both moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to rn, each of 
the Bodies will be driven in the Directions mT 
and Z over a Space equal to mn: if rn there- 
tore be taken to meaſure the Velocity of the 
E 4 Wedge, 
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Wedge, mn will meaſure that of both the Bo. 


dies; for as to their moving different ways, that 
makes no Difference, becauſe they are as free 
to move one way as another. Since then the 
Triangles unt and DC are fimilar, and there. 
fore the Proportion of rn to mm the ſame a 
that of DC to DX, the Velocity of the Wedge 
will be to the Velocity with which the Bodies 
R, R, are driven by it, as DC to DX; and 
conſeque ntly, whatever Forces, acting in the Di. 
rections TM Zs, oppoſe the Motion of the 
Wedge, a Force of the ſame Kind, acting upon 
the Back of the Wedge at D in the Direction 
DC, and puſhing it forwards, will be in Æqui- 
librio therewith, when it bears ſuch Propor- 
tion to them, as DX does to DC: And there- 
fore, if DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 
DX will always be the Meaſure of the Power 

requiſite to make an Equilibrium therewith. 
From this general Theorem the particular 
Caſes that fall under it are readily deduced. 
Thus, if the Bodies R, R, are confined to move 
upwards in Directions parallel to the Sides of 
the Wedge, MT will lie parallel to CB; and 
therefore DX the Meaſure of the Power ne- 
ceſſary to make an Aquilibrium, being to be 
drawn parallel to T, muſt be drawn parallel 
alſo to CB; it will therefore meet CB produced 
at no leſs than an infinite Diſtance, and will 
conſequently itſelf be infinite: that is to fay, 
no 
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no finite Power will be able to drive the 
Wedge any farther between the Bodies thus 
confined. If the Bodies are confined to an hori- 
zontal Motion, mT becomes parallel to AB the 
Back of the Wedge, and DX {parallel to T) 
falls upon DB, and DB half the Back of the 
Wedge is the Meaſure of the Power requiſite 
to conſtitute the Æquilibrium. If the Bodies 
are confined to move off at right Angles to the 
Sides of the Wedge, DX falls upon DG, and 
DG meaſures the Power; conſequently, DG 
being ſhorter than any other Line that can be 
drawn from D to the Line CB, the Power in 
this Caſe neceſſary to make an Æquilibrium 
with the Reſiſtance of the Bodies, is what the 
Mathematicians call a Minimum; that is, it is 
leſs in this than in any other Suppoſition what- 
erer. And if the Bodies are to be moved per- 
pendicularly downwards, X falls upon C, and 
DC becomes the Meaſure of the Power: but 
DC is all along ſuppoſed to meaſure the Reſi- 
ſtance of the Bodies to be moved by the Wedge ; 
the Power therefore and the Reſiſtance are now 
equal to each other ; which implies that the 
Bodies in theſe Circumſtances are capable of 
being moved either with or without the 
Wedge with equal Eaſe. If the Bodies are 
confined to move downwards in Directions pa- 
allel to the Sides of the Wedge, DX becomes 
parallel to BC, the Point X falls upon it infi- 
nitely below C, and therefore DX, and conſe- 

| quently 
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quently the Power to be meaſured by it, be. 
comes infinite again; that is, the Bodies cannot 
be driven by the Wedge in thoſe Directions 
by any Power whatever. When the Bodies 
R, R, are not confined, but are at Liberty ti 
move in any Direction whatever, they wil 
naturally take that in which they may be driver 
by the Wedge with the greateſt Eaſe ; that i; 
they will take that which is perpendicular toit 
Sides; and therefore the Perpendicular DG, 
which was the Meaſure of the Power neceſſ. 
ry to make the Æquilibrium, when the Bodiz 
were confined to move in that Direction, and 
was the Minimum, will be the Meaſure of i 
allo in this Suppoſition. 

XXI. The conſidering the Bodies to be ſ. 
parated by the Wedge as confined to move from 
each other in particular Dire&ions, leads us to 
an eaſy Solution of a Cafe relating to one of th 
Uſes of this mechanical Power, I mean the D. 
viding of Bodies therewitli. To determine tht 
Power of it in this, let us conceive the tw 
Pieces LQ and LQ as turning upon a Joint: 
L, which Joint is to be opened by the Wed 
ACP, driven in between the Pieces, and pte 
ſing againſt them only at their Extremities 
and H, as repreſented in Fig. 36. And let u 
ſuppoſe that there is a certain Degree of Stiffnel 
in the Joint, by which Stiffneſs may aptly b 
denoted the Tenacity or Coheſion of the Patt 


of the Body to be divided. Let the Lines Gi 
all 
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nd HI be drawn perpendicular to the Lines 
G and LH, which will therefore be the Di- 
ections, which thoſe Extremities will be con- 
ned to, when they begin to move: parallel to 
ne of theſe, as GF, draw DX; then ſince, 
g we have juſt been. ſhewing, if two Bodies, 
onfined to move in the Directions GF and HI 
Paly, were to be ſeparated by the Wedge, the 
Power neceſſary to make an Equilibrium with 
he Reſiſtance of thoſe Bodies would be to that 
Reſiſtance as DX to DC; or that, if DC be 
gaken to meaſure the Reſiſtance they make, 
DX ſhall meaſure the Power that ſhall cauſe an 
Equilibrium between them, it follows, that, in 
his Caſe, if we meaſure the Force, which, if 
Wpplicd at G and H in the Directions GF and 
HII, would overcome the Tenacity at L, and 
end the Pieces aſunder without a Wedge, 
EDX will be the Meaſure of the Force, which 
Would, with equal caſe, perform the ſame 
Whing by the Help of the Wedge. And when the 
Point comes infinitely near to L, and DX, pa- 
Wallel to GF, becomes therefore perpendicular 
8 CB, and conſequently the Triangles DCX 
nd DCB become ſimilar (8. Elem. 6.) the 
Fower neceſſary to rend the Pieces with the 
Wedge will be to that which would do the 
lame without it, as DX to DC; that is, be- 
auſe of the Similarity of the ſaid Triangles, 
DB to BC, or as half the Back of the Wedge 
d one of its Sides, I 
xx But, 


— 
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But, if we have no Regard to the Stiffneſ 
of the Joint L, and conſider only the Quantiy 
of Matter in the Power that drives the Wed, 
and in the Bodies LQ and LQ to be turned up 
that Joint, neceflary to make an Æquilibriun 
between them, as is the uſual Method in The. 
ory, and obſerved in all the other mechanic 
Powers, and the Thickneſs of the Pieces be the 
fame from End to End, and their Subſtance 
uniform, ſo that their Centers of Gravity my 
be in the Mid-way between L and G, or L a 
H, or any where in the Arches bc and 4 
whoſe Centers are at L, and which cut the Ling 
LG and LH in the Middle, the Æquilibriun 
will be, when the Quantity of Matter in the 
Power is to the Quantity in the Bodies L an 
LQ, as half DX to DC, and when the Point 
of the Wedge comes infinitely near to L, ai 
DX becomes perpendicular to BC, and th 
Triangles DCX and DC; fimilar (as above) s 
half DB to BC, or as a Quarter of the Back 
the Wedge to one of its Sides: Becauſe, as | 
evident, in this Suppoſition the Centers of Gn 
vity of the Pieces will have but half the Vele 
city they would have had, had all Parts of the 
been to be moved as faſt as the Extremities 6 
and II; half the Power therefore will be ſuff 
cient to move them that would have been re 
quired in that Caſe ; but in that the Quantity 
Matter in the Power muſt have been to tht 
Quantity in the reſiſting Bodies, as DX to DC 
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ad, when C comes infinitely near to L, as DB 
0 BC; it is therefore, in the preſent Suppoſi- 
ion, in the former of theſe Caſes, as half DX 
DC, and in the latter, as half DB to BC, or 
$a fourth Part of the Back of the Wedge to 
ne of its Sides, 

Or this Propoſition may be confidered in ano- 
er Light, thus: The Centers of Gravity of 
e two Pieces LQ and LQ being in the Ar- 
hes bc and de, that cut LG and LH in the 
liddle, they are carried upon the Levers LG 
nd LH in the Mid-way between their common 
ulcrum L and their Extremities G and H ; the 

edge therefore has not only a mechanical 
\drantage over them, in Conſequence of its 


Wn Form, in the Proportion of DX to DC, 


ut in Conſequence alſo of their being carried 
pon the ſaid Levers, in the Proportion of two 
0 one; the Wedge therefore has twice the 
fower over them it would otherwiſe have; and 
mnſequently half the Quantity of Matter in the 

'ower that drives the Wedge is ſufficient to 
onſtitute an Æquilibrium that is requiſite where 
0 ſuch Levers are concerned. 

XXII. Tur Form of the Inclined Plane being 
0 other than that of half a Wedge, as is ma- 
leſt from the Repreſentation of it (Fig. 37.) 

follows, that what has been demonſtrated 


che one, may be applied to the other, and 


e Properties of both will be found the ſame. 


J Inſtance, if the Weight W is to be drawn 


up 
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up the Plane CB, by the Power P, in a Di. ¶ Pon 
rection parallel to the Plane, inſtead of that, Whbocit 
we may ſuppoſe the Weight prevented from Wk 
running off the Plane by the String WH, and Nala. 
the inclined Plane driven under it like a Wedge Prop 
in the Direction DC: then will the Weight 
riſe towards G in a Direction perpendicular i 
to CB, for we muſt always ſuppoſe the String Mot. 
WB parallel to the Plane (as it would har 
been, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon chin: 
the Weight be fimilar to that of the Wed m 
in the firſt Caſe, and conſequently the Po⁹] tion 
will bear ſuch Proportion to the Weight, om 
DB to BC; that is, as the Height of the PlanzMſtrivi 
to its Length. Again, ſuppoſe the WeightWMper/e: 
was to have been drawn up the Plane by! | 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane ; then if the 
Plane be driven under the Weight as befor, ontr 
it muſt riſe in a Direction ndicular we for 
CD, that is, parallel to DB : then the Caſe wil 
be analagous to the fecond of the Wedge; 
conſequently, the Power will be to the R 
fiſtance of the Weight, when there is an! 
quilibrium, in the Proportion of DB to DC 
as there demonſtrated. 
XXIII. Tnuxsx are the Powers or Machines 'rume 
which, under different Forms, conſtitute 
other how complicated ſoever; and as t 
Aquilibrium, in any one of theſe, is, my th 
ome 
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power and Weight are inverſely as their Ve- 
ocities; ſo in a Machine however compound- 
d, the Power and the Weight will exactly 
balance each other, when they are in this 
proportion; for by F. 7. their Moments will 
then be equal, and the Machine, if at Reſt, 
vill continue in that State; and, if put into 
Motioa by an external Force will gradually 
loſe it, when that Force ceaſes to act; on ac- 
ount of the unavoidable Friction of the Ma- 
hine, and the Reſiſtance of the Air, which 
t muſt neceſſarily meet with, unleſs its Mo- 
jon could be performed in a perfect Vacuum. 
From hence we ſee the Impoſſibility of con- 
tiving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
ontinuance to the Application of ſome ex- 
ernal Force; a Problem that has given Birth 
o an almoſt infinite Number of Schemes and 
ontrivances. For unleſs ſome Method could 
de found out of gaining a Force, by the art- 
ul Diſpoſition and Combination of the Me- 
hanical Powers, equivalent to that which is 
ontinually deſtroyed by Friction, and the Re- 
ſtance of the Air, the Motion, which was at 
ſt given to the Machine, muſt at length be 
eceſſarily loſt, But we ſee, that thoſe In- 
ruments are only different Means, whereby 
ne Body communicates its Motion to another, 
nd not deſigned to produce a Force which 

lad no Exiſtence before. *Tis for Want - A 
ue 
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due Conſideration of this, that ſo many Me. 
chanical Deſigns have proved abortive, ſo may 
Engines unequal to the Performance for which 
they were deſigned, and ſo many Impoſlibi 
lities attempted, 


of 


« Ir it were poſlible, ſays Bp. Wirxix, 
cc to contrive ſuch an Invention, where 
e any conceivable Weight may be moved h 
« any conceivable Power, both with equi 
« Velocity (as it is in thoſe Things which: 
« immediately ſtirred by the Hand, withoi 
« the Help of any other Inſtrument) th 
* Works of Nature would be then too mud 
«© ſubjected to the Power of Art; and Me 
« might be thereby encouraged (with th 
« Builders of Babel, or the Rebel Giants) 
e ſuch bold Deſigns, as would not becom 


qual 
perkc 
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tc a created Being. And therefore the Wiſdoni the 
tc of Providence has ſo confined theſe Hum _p 
« Arts, that what an Invention hath, in vA 
* Strength of its Motion, is abated in the Sun f. 

| the Per 
ce refs of it; and what it has, in the extraotdi Veloci 
© nary Quickueſ, of its Motion, muſt be . © 


© lowed for in the great Strength requilite 1 6. — 


« the Power which is to move it “.“ throug] 
; drawn ; 
e i the Ti 

Miltirs's Mathem. Magick. p. 104. hows 

# wou 


The End of the Firſt Part. 
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SE: A B'S 
Of the Vibration of a Pendulum in a 
Cycloid. 


PrRoPeOSITION I. 


F a Pendulum be made to vibrate in a 
Cycloid, all its Vibrations however une- 
qual, will be zſocronous ; that is, they will be 
performed in equal Times (a). 


{a) In order to demonſtrate this Propoſition, it will be pro- 
per to lay down the following Lemma's. 


LEMMA I. 


If a Body deſcends from A along the Line AX, (Appendix 
Plate, Fig. 1.) by virtue of a Force which decrcaſes in Proportion 
the Diſtance of the Body from X, decreaſes ; that is, if when 
the Body comes to M, N, O, &c. the Action of that Force 
upon the Body, be as the Diſtances XM, XN, XO, Sc. reſ- 
pectively: And if the laſt acquired Velocity of the Body; that 
, its Velocity when i tcomes to X, be expreſſed, or ſet off, by 
the Perpendicular XB equal in Length to the Line AX, and its 
Velocities at M, N, O, c. be ſet off there by the Lines MD, 
NP, OQ, c. in Length proportionable to each other and to 
the Line XB. as the Velocities of the falling Body at M, N, O, 
Ec. are to each other and to its laſt Velocity at X: And if 
through the Extremities of theſe Lines, the Curve ADB be 
daun; I ſay, that Curve will be a Portion of a Circle: And 
the Time in which the Bedy will deſcend through the whole 
Space or Line AX [or any Part of it, as MO] will be ſuch Time, 

% would be requiſite for it to deſcribe the whole Arch AB [or 
A 


any 
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any Part as DQ, correſponding to MO] in, with i | 

red Velocity Th ON 1 8 
Demonſiration of the Lemma. Parallel and contiguous to the — 

Line MD, draw NP, in which Caſe the Line MN, become ; ADB 

Point, and the Arch DP a Tangent to the Curve: Produce PD : : 

till it meets XA produced, in IT; draw the Line XD; and ls Comp 


fall the Perpendicular DL. Then the Lines DL and TM being WW Ste; 
parallel, the Angles PDL and DTM are equal, as being alte. Fine 
nate (by 27 Elem. 1. ); and the Angles at L and M, as beige the 


right ones; the Triangles therefore PDL and DTM are ſimila 
which for the Sake of referring to it afterwards, let us make the 


firſt Step of the following Proceſs | 1] The Triangles PDL uhoc;r 
DTM are ſimilar * ith 
From the firſt Step we have this * 
Proportion (5 Elem. 6.) 2 PL: LD: : DM: Mr. Er. 
By the Figure 3 LD = MN f 
But MD being the Velocity when in 1} 
the deſcending Body comes to ** 
M, the Point MN is deſcribed 1 
with that Velocity; for there l 
is no Acceleration during the 1 "AX 
Paſſage of a Body over a Point ; * 
conſequently MN is proportion- 0 2 
able to MD: that is, 4| MN is as MD, Potion 
Comparing the ſecond, third and -whol x 
fourth Steps 5|PL : MD : : DM: M * 
But MD 8 NP ͤ being the Velo- — 1 
Cities of the deſcending Body at % by 
M and N, LP the Difterence of MD 
thoſe Lines, expreſſing the In- P O( 
creaſe of Velocity in the Body, the: Q% 
will be proportionable to the EY 
moving Force at the Point MN; 
that is, by the Suppoſition, to 
the Diſtance XM ; therefore | 6| PL is as XM If 2 Boc 
Comparing the fifth and ſixth 7] XM : MD : : DM : Mil the Wa 
Conſequently (5. Elem. 6.) | 8] The Triangles XMD aint X; 
| DMT are fimilar. Wie to the 
And therefore, ſince their Angles at M are right ones, n Propor 
Triangle 'TDX is (by the Converſe of Prop. 8. Elem. 6.) right; wit 
angled at D. Conſequently fince the ſame is true of any ot! bole 2 


Point of the Curve, 2s well as D, the Arch ADB is a Port 


of a Circle (16 Elem, z.). Which is the firſt Part. 
| Secondi 


7 
: 
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Csccondly, comparing the firſt and 
K cohrhSteps, the Triangles PDL | 

i and XM are ſimilar ; therefore] ꝙ LD: DM:: DP: DX 
bz being a Portion of a Circle, 
Ph as already proved 10 DX = XB 
comparing the 3d, gth and 10th 
Steps II MN: DM:: DP: XB. 
Since then the Point MN bears the ſame Proportion to MD, 
jr the Velocity it is deſcribed with by the falling Body, that 
the Point DP does to the laſt acquired Velocity XB, it follows 
hat the former, MN, is deſcribed in the ſame Time with the 
Velocity the Body has when there, that the Jatter, DP, might 
te with the laſt acquired Velocity XB. And ſince the ſame is 
we of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through any other 
Part of the Space AX, [or the whole of it,] will be ſuch as 
would be required for it to deſcribe any correſponding Part of 
the Arch ADB, [or the whole of it,] with the laſt acquired 
docity XB. Which was the other Part. 

Croll, Hence it follows, that if a Body deſcends along the 
Ine AX, by Virtue of Forces acting upon it at A, M, N, O, 
5, proportionably to the Length of the Lines XA, XM, XN, 
(0, &c. and if on X as a Center, and with the Radius XA a 
dation of a Circle, as ADB, be deſcribed; and if the Radius 
r#hole Sine XB, be put to repreſent the Velocity of the Body 
len it comes to X, the other Sines MD, NP, OQ, Cc. will 
neſent the reſpective Velocities of the Body at the ſeveral 
Pant M, N, O, Oc. And converſely, if one of the Sines, 
Mb, be put to expreſs its Velocity at M, the other Sines 
?, 0Q, and the Radius or whole Sine XB, will expreſs the 
tocity of the Body at thoſe other Points N, O and X. 


LEMMA II. 


If a Body moves along the Line AX, (Fig. 2.) and be urged 
de Way by Forces = to its Diſtance from the 

eit Xx; whatever Point of that Line it ſets out from, it will 
ne to the Point X in the fame Time. Which Time will bear 
© Proportion to the Time it would move over the whole Line 
Nin, with the Velocity it ſhall acquire by falling through the 
wle Line AX, as the Semicircumference of a Circle does to its 
s 1 neter. 


MI 


1 Dem. 
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Dem. Let two Bodies A and P ſet out from the Points A and p 
at the ſame Time; and let them be urged by Forces proportion. 
able to their Diſtances from the Point X: I ſay, thoſe Bodies 
will come to X at the ſame Inſtance of Time; that is, they will 
overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP deſcribe the two Quadrants AB 
and PQ; and draw the Line SX, and the Sines RS and MN; 
and let the whole Sine or Radius XB expreſs the Velocity the 
Body A will acquire by falling to X: Then by Corollary of 
Lemma 1. will the Sine RS, if taken as near as poſſible to A, 
expreſs the firſt Velocity of the Body A. But the Force, which 
urges the Body A 1s ſuppoſed to be to that which urges the Body 
P, as XA to XP (or becauſe the Archs AS and PN are fimilar) 
as RS to MN: As therefore RS expreſſes the firſt Velocity of A, 
MN will expreſs the firſt Velocity of the other Body P: And 
therefore by the ſame Corollary, its Velocity when it comes to X, 
will be expreſſible by X. Farther, the Time the Body A fall: un 
to X in, is by Lemma 1. equal to the Time the Arch AB would ball 
be deſcribed in with the Velocity XB; and the Time the other 
Body falls from P to X in, is equal to the Time the Arch PQ ite Ler 
would be deſcribed in, with the Velocity XQ. But a Body wil Dem. 
be as long in moving over the Arch PQ with the Velocity X,; an 
as over the Arch AB with the Velocity XB, the Lines XQ and Bite Tri; 
XB having the ſame Proportion to each other, that the Arch een. 6 
have. Therefore the Time the Body A falls to X in, is equal nd for 
to the Time the other Body P would fall to that Place in. Nuby p. 


Which was the firſt Part. 
Again by Lemma 1. | The Time a Body would fall from 
; A to X in, is equal to the Tine 
it would move over the Arch AB 
in, with its laſt acquired Velo- 
Axiom, or ſelf evident city at X. Ind alſo 
Propoſition The Time a Body would more 
over the Arch AB in with the 
laſt acquired Velocity at X, 
to the Time it would move ovet omparin 
| AX in with the ſame Velocity, 
Comparing the firſt and as AB is to AX. 
ſecond The Time a Body would fall from 
A to X in, is to the Time 1 omparin 
would move over AX in with 
the laſt acquired Velocity, 2 
AB is to AX. 


a 
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AB is to AX as twice AB is to 
twice AX. 

Twice AB 1s to twice AX as the 
Semicircumference of a Circle is 
to its Diameter. 

The Time a Body would fall from 
A to M in, is to the Time it 
would move over AX in with 
its laſt acquired Velocity, as the 
Semicircumference of a Circle 

| is to its Diameter. Which was 
the ſecond Part. 


iom 
By the Figure 


omparing the 3d, 4th 
and fifth Steps. 


LEMMA III. 


If from the lowermoſt Point of a Circle, as X (Fig. 3.) be 
nun the Chords XQ and XO, the Power of Gravity whereby 
t ſhall cauſe a Body to deſcend along the former, will be to the 
Power whereby it ſhall cauſe it to deſcend along the latter, as 
he Length of the former is to the Length of the latter. 

Dem. Draw the Diameter XD, the Perpendiculars QR and 
0S; and join the Points QD and OD. Then (by 31 Elem. 3.) 
be Triangle X O is right-angled at Q; and therefore (by 8. 
lem. 6.) 1] XR: XQ: : XQ: XD. 
nd for like Reaſons 2 XS:XO::XO: XD 
da by Part I. Chap 6. $ 2. | 3] The Effect or Power of Gravity 

upon a Body deſcending alon 
the Chord Q, is to that whic 
it exerts upon another falling 
freely ; that is, to its whole Pow- 
er, as XR to XQ. 

The Power of Gravity upon a Bo- 
dy deſcending along the Chord 
OX, is to its whole Power, as 
XS to XO. 


Ind alſo 


— 


omparing the 1ſt and 3d | 5| The Power of Gravity upon a Bo- 
dy deſcending along the Chord 
QX is to its whole Power, as 
XQ to XD. 

imparing the 2d and 4th | 6] The Power of Gravity upon a Bo- 


dy deſcending along the Chord 
OX is to its whole Power, as 
XO to XD. 


Comparing 
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Comparing the 5th and CH 

6th Steps The Power of Gravity upon a By. para 
dy deſcending along the Chord 
QX, is to the Power of Grayi. 
ty upon a Body deſcending along 

the Chord OX, as X w x0. I 

Q. E. D. * 

ſ 


The Deſcription of a Cycloid, with the Definitions relating 
thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line D 
AB, till it has turned once round; the Point C in its Circumſe. | 
rence, which at firſt touched the Line at A, will deſcribe the 
Curve Line ACXB, which Curve is called a Cycloid. The right 
Line AB is its Baſe: The middle Point X is its Vertex: And 1 vi 
Perpendicular, as XD, let fall from thence to the Baſe, is it > 
Axis: And the Circle FCH, or any other as XGD, equal there 
to, is called the Generating Circle. 


LEMMA TIV. 


If on XD, the Axis of the Cycloid, as a Diameter, the g 
nerating Circle XGD be deſcribed ; and if from a Point in u ae 
Cycloid, as C, the Line CIK be drawn Parallel to the Baſs, 
the Portion of it CG, will be equal to the Arch GX. | 

Dem. Draw the Diameter HF, then the Circles FCH ad "©! 
DGX being equal 1,KG Cl 


Adding GI to each of them 2 KI = CG | 
By the Figure 3 KIS DF ar 
Comparing the two laſt 4] CG = DF ” 4 
By the Deſcription of the Cycloid | 5 The Arch CF = AF Wi. 0 
By the Figure 6] The Arch CF — DG : 
Comparing the 5th and 6th 7| AF = DG * 
By the Deſcription of the Cycloid | 8] AFD —= DGX * : 
Comparing the 7th and 8th with | | 4 = 
the Figure 9] FD = GX 8 
Comparing the 4th and the gth ' to] CG = GX. QED. : 
LEMMA V. — 


erding 


The ſame Things being ſuppoſed as in the foregoing Lemm HA; 
2 Tangent to the Cycloid at the Point C, is parallel to GM twice 
Chord of the Circle DGX. 
Dem. It appears from the Deſcription of the Cycloid, thit 
fince the Angle FCH is a right one, (as it is by 31 Elem. 30 7 = 
4 a 


the Chord CH is a. Tangent to the Curve at the Point C, 8 
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CH is parallel to GX ; a Tangent therefore at the Point C, is 
parallel to GX, the Chord of the Circle DGX. Q. E. D. 


LEMMA VI. 


Things remaining as before, if from a Point of the Cycloid, 
2 L, the Line LMK be drawn parallel to the Baſe AB, the 
Arch XL of the Cycloid, will be double of XM the Chord of 
the Circle correſponding thereto. 

Dem. Draw the Line SQ parallel and contiguous to LK, croſ- 
ing the Circle in R, and the Chord XM produced, in P, then 
will LS, MR and MP become Points, the firſt having the Pro- 
erty of a Tangent to the Cycloid at LS, the ſecond that of a 
angent to the Circle at MR, and the third, the Properties of a 
production of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alſo the Point 
BM, till it meets XN, a Tangent to the Circle at X. Then 
xill the Lines XN and QS, being each perpendicular to the Dia- 
meter DX, be parallel; and the Triangles MNX and MPR will 
te fimilar ; as having their Angles at M vertical, and at P and 
alternate. But the Tangents NX and NM are equal (by 36. 
Elem, z.) the correſponding Lines therefore PR and RM in the 
ther Triangle, are ſo too: This laſt Triangle is therefore an 
ſolceles one; and therefore RO being perpendicular to its Baſe 
IP, MP is equal to twice MO. The Tangent LS is parallel 
p MP, (as being by Lemma 5. parallel to MX) and therefore 
qual to it, the Lines LK and SQ being parallel: It is therefore 
qual alſo to twice MO. But LS 1s the Difference between the 
ycloidal Archs XL and XS; and MO is the Difference between 
he Chords XM and XR, for ſince XO and XR are cloſe toge- 
er, RO which is perpendicular to one of them, may be con- 
cered as perpendicular to both: The Difference therefore between 
y two Archs of the Cycloid is twice that which is between 
o correſponding Chords of the Circle; and conſequently any 
© 8 XL, 1s double of -the correſponding Chord XM. 
Coral. Since when the Arch XI. becomes XB, the correſ- 
erding Chord XM becomes XD the Diameter of the Circle 
PIX; its obvious, that the Semicycloid BX, or AX, is equal 


n the 


Baſe, 


E. D. 


emma, 


Gi vice DX the Diameter of the generating Circle DMX. 
4, thi LEMM A VII. 


em. 3H Body deſcends in a Cycloid, the Force of Gravity (ſo far 
C, - it acts upon it in Cauſing it to deſcend along the Cycloid) will 
be 
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PrRoPOSITION II. 


The Time in which a Pendulum vibrating 
in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the lot 
Point of the Cycloid. 

Dem. Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is A} 
and its Axis DX, on which laſt as a Diameter, deſcribe the g ! 
nerating Circle DQX : Draw the Chords OX and QX ; throw © 
the Points O and Q, and parallel to the Axis AB, draw u, 
Lines LS and MR; draw alſo the Tangents LV and MY. N - 
becauſe by Lemma 5. the Tangent LV is parallel to OX, aſton 
the Tangent MY parallel to Q, its obvious that Gravity ere: 
the ſame Power or Force upon a Body deſcending in the Cycl, 
at L (becauſe it then deſcends in the Tangent LV) as it wi jr 


do upon the ſame Body deſcending along the Chord OX: A: 
for the like Reaſon, it exerts the ſame Force _ it when I e 
comes to M, that it would do if it were deſcending along 

But (by Lemma 3.) the Power or Force of Gravity upon Bod 
deſcending along the Chords OX and Q, are as the Length: 
thoſe Chords; that is, by Lemma 6. (halves being proporti 
able to their wholes) as the Length of the Cycloidal Archs [ 
and MX. The Force therefore of Gravity upon a Body « 
cending in the Cycloid at the Point L ſor any other] is to 
Force upon the ſame when at M [or any other Point] as the$y 
or Diſtance it has to move over in the former Caſe, before ity 
to the loweſt Point X, to that it has to run over in the lat 
before it arrives at the ſame Point. Q. E. D. 


Demonſtration of the Propoſition in the Text to which thi) 
Note refers. 


By Lemma 7. The Force of Gravity ſo far as it cauſes a | 
to deſcend in a Cycloid is proportionable to the Diſtance of 
Body from the loweſt Point ; imagine then that Body to | 
Pendulum vibrating in the Cydloid, then whatever Point it 
out from, it will by Lemma 2. come to the loweſt Point in 
ſame Time: And conſequently ſince the like is true as to it 
cending from that Point, all its Vibrations be they lary 
ſmall, will be perform'd in the ſame Time. Q. E. D. 
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Time in which a Body would fall freely thro? 

half the Length of the Pendulum, as the Cir- 

cumference of a Circle is to its Diameter (6). 
PR OB. 


77) To demonſtrate this, the following Lemma's will be of 
Vie. 

LEMM A VIII. 

If in a right- angled Triangle, as BFG (Fig. 6.) the Perpen- 
fcular FI be let fall from the right Angle to the Hypothenuſe 
8G, the Line BI multiplied by BG will be equal to BF,. 

Dem. By 8. Elem. 3. the Triangle BFI and BFG are ſimilar, 
wnſequently BI is to BY, as BF is to BG, and therefore BI « 
6 = BET. Q. E. D. | 

LEMMA IX. 

If a Body deſcends along a curve Line, as AX (Fig. 7.) it 
Will acquire the ſame Velocity that another, or the ſame Body, 
would do, by falling from an equal perpendicular Height in the 
lire DX. 

Din. Parallel to the horizontal Line AD, draw the Lines BM 


nd FN contiguous to each other; in conſequence of which, 
oport Lines MN and BG are capable of being conſidered as Points; 
Archs therefore the Velocity the deſcending Bodies paſs over them 
Body ith, as uniform ; and the curve Line BG, as a ſtraight Line 
| is to , and as a * wr to the Curve AX at the Point BG. 
; the Speung being thus, let it be ſuppoſed that the Bodies begin their 
fore it Fl! at B — M, or, which comes to the ſame Thing, that they 


we equal Velocities at thoſe Points: Then the Velocities of 
ke Bodies being uniform and equal to each other, (for there is 
Acceleration in a Point) the Lines BG and MN may repre- 
it the Relation the Times they are paſſed over in bear to each 
ter, Parallel to DX draw BF, and let the equal Lines BF 


uſes 2 MN repreſent the Force of Gravity acting perpendicularly 
ince Of Wk hoſe Points ; and let the Force BF be reſolved into two others, 
dy to i. Bl and IF, the one parallel, the other perpendicular to the 
Point Ae of the Body at B: It is only the former of theſe, viz. 


|, that accelerates the Body along the Curve BG ; the other, 
[F, neither accelerates it nor retards it, but is wholly ſpent 
wreſing the Body clofe to the Surface BG, if it be a Surface; 
n ſtretching the String which keeps the Body in the Courſe 
N, if it be a String. Now the Velocity a Body acquires by 
ing over any Space, is proportionable to the Force that acts 

B upon 
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upon it, multiplied by the Time that Force acts. Since they 
BI repreſents the Force in one Caſe, and MN the Time in the 
other, it follows that the Velocity generated in one Caſe, is x 
BI X BG; and in the other, as MN X MN ; or fince BF and 
MN are equal, as the Quantities BI * BG and BF x BF, (q 


BFA) which Quantities by Lemma 8. are equal to each other, 
| The Velocity therefore the one Body acquires by deſcending alony 
BG, is equal to that which the other acquires by falling through 
MN: But the Lines BM and GN being parallel, it is obviow 
there is the ſame Number of BG's in the Curve AX, as of MN. 
in the perpendicular DX ; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which ö 
would acquire in falling through the other. Q. E. D. Dea 
Demonſiration of the Propofition. Let AX B (Fig. 5.) be Ho C 
Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 
pared with Lemma 7, we have 


1] The Time a Body would deſcen 
from A to X in, is to the Tine 

it would move over the ſame Spa 
in with its laſt acquired Veli in 
as the Semicircumference of a H em! 
By the Corol. of Lem- cle is to its Diameter. ve t 


ma 6. 2] AX is equal to twice DX, 
By Lemma g. 3] The Velocity a Body acquires by fa 
ling from A to X, is equal to in th 
Velocity it would acquire by 
From the three laſt ling from D to X. em t] 
compared 4| The Time a Body would deſceniff de! 


from A to X in, is to the Time dem | 
would move over twice DX ! 
with the Velocity acquired by 
| Fall from D to X, as the Sen 
circumference of a Circle 1s to 


By Part I. Chap. 5. Diameter. 


—_ 


$ 7. The Time a Body would move 0 
twice DX in, with the Veloc 
acquired by falling from D w WF 
is equal to the Time it would bling 
Comparing the 4th and from D to X in. Ss GT 
5th 6] The Time a Body would ceict 


from A to X in, is to the Time 
would fall from D to X in, a5 
Semicircumference of a Circie 
| ] to its Diameter. 

F 
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To make a Pendulum vibrate in a given 
Cycloid. 


Hut. Let AX B (Fig. 5.) be the given Cy- 
BolrWcloid.; its Baſe AB, its Axis DX, and its ge- 
nerating Circle DQX, as before: Produce XD 
to C, till DC be equal to DX: Through C 
raw the Line EF parallel to AB, and take 
E and CF, each equal to AD or DB; and 
n the Line CE as a Baſe and with the gene- 
ming Circle AGE equal to DQX, deſcribe the 
demicycloid CTA, whoſe Vertex will there- 
re touch the Baſe of the given Cycloid in A. 


(1 
by rom the Figure The Time of Deſcent from A to X 
byf is half a Vibration, 

um the Solution of 
gel the following Pro- 
Time! dem it will appear, ; 
WE WL 8 DX is half the Length of a Pendu- 
4 by lum, which in vibrating ſhall de- 
e Seu U paring the three ſcribe the Cycloid AXB. 
i; to WM = Steps | 9] The Time of half a Vibration is to 

the Time in which a Body would 

ove 0 fall freely through half the Length 
Veloc of the Pendulum, as the Semicir- 
D to cumference of a Circle is to its 


ling the Antece- Diameter. 
(nts of the laſt Step 100 The Time of an whole Vibration is 
to the Time in which a Body 


leſc 
Tin would fall freely through half the 
in, 2 Length of the Pendulum, as the 
Circle | Circumference of a Circle is to its 


Diameter. Q. E. D. 
B 2 And 
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And on the Line CF alſo as a Baſe, deſcribe 
an equal Semicycloid CB. Oa the Point C, 
hang the Pendulum CTP equal in Length to 
the Line CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation in 
the Figure) as it vibrates this way and that, 
apply itſelf to the cycloidal Cheeks CA and CB: 
Then will the Ball of it P oſcillate in the g. 
yen Cycloid AXB. Q. E. F. (c). 1 
AP 


(c) Draw TG and PH, each parallel to the Baſe AB; and 


join the Points AG and DH. Then by the Corollary of Len. the 
ma 6. AC = 2 AB ſep: 
By the Figure (DC being equal 7 
to DX) 2|2 AE = ex ; 
Comparing the 1ſt and zd Steps | 3] AC CX Poir 
By Conſtruction ger gen 4 
Comparing the 3d and 4th 5 AC == CTP a 
From the 5; th Step compared with 
the Figure GATE 17 f 
(The String touching the Cycloid 
at T) by Lemma 5. 7] GA is parallel to TK Rod 
By Conſtruction 8] GT is parallel to AK 3 
From the two laſt Steps compared, 1 
GATE is a Parallelogram, * 
conſequently GAS TE, and GT=AL "ay 
By Lemma 6. o GA = + TA KD 
Comparing the two laſt Steps 114 00 
Comparing the 6th and 11th 12] TK == 3 TP By 2 
From the 12th Step compared 3 
with the Figure i3] TK = KP * 2 
Comparing the laſt Step with the eycle 
Figure 14) The parallel Lines G boom tl 
and PH are cqually di the 
tant from AD __ 
From the laſt compared with the — 
Figure 15] The Arch GA = ul , b 
Arch DH Oc 
Comparing the laſt with the Fi- Aar! 
gure 16] The Chords GA and D h 
are parallel, and GE "ng 
| HX, Fran 


Ar PEN DIx to Part IJ. ag 


CHA F. 


of the Center of Oſcillation and Per- 
cuſſion. 


H E Center of Oſcillation is that Point 
in a Pendulum, in which, if the Weight 
of the ſeveral Parts thereof were col- 
led, each Vibration would be performed in 
the ſame Time, as when thoſe Weights are 
ſeparate. 

The Point or Center, of Suſpenſion is the 
Point on which the Pendulum hangs. 


A general Rule for finding the Center of 
Oſcillation. 


If ſeveral Bodies be fixed to an inflexible 
Nad ſuſpended upon a Point, and each Body 


From the 7th and 16th Steps com- | 
pared with the Figure 17] KP is parallel to DH. 
— And therefore (K D being by Con- 
= ſtruction parallel alſo to PH) 
KDHP is a Parallelogram, con- 
ſequently 18 KD = PH 
by Lemma 4. 19] GT = the Arch AG 
Comparing the gth and 19th 200 AK = the Arch AG 
by the Deſcription of the Semi- 
ot cycloid CTA 21] AKD = AGE 
bon the two laſt compared with 
lly 0 the Figure 22] KD = GE 
Comparing the 18th and 22d 23] PH = GE 
Comparing the 16th and 23d 124 PH = HX. 


But by Lemma 4. if PH be equal to HX, P is a Point in the 
Cycloid AXB; the Ball of the Pendulum CTP therefore being 
a that Point, is in the given Cycloid. The Problem therefore 
Ws rightly ſol ved. Q. E. D. 

be 
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be multiplied by the Square of its Diſtance 4 
from the Point of Suſpenſion, and then each 
Body be multiplied by its Diſtance from the I ü. 
ſame Point; and all the former Products when . 
added together, be divided by all the latter I Be 
Products added together, the Quotient which WW 
ſhall ariſe from thence, will be the Diſtance af 
the Center of Oſcillation of thoſe Bodies from on 
the ſaid Point, join 

Thus, if CF Fig. 8. be a Rod on which nnd 
are fixed the Bodies A, B, D, &c. at the ſ- Wc 
veral Points A, B, D, Sc. and if the Body A 


be multiplied by the Square of the Diſtance Mite 
CA, and B be multiplied by the Square of the WW" 
Diſtance CB, and fo on for the reft: And tha MW N 
if the Body A be multiplied by the Diſtance ie 
CA, and B be multiplied by the Diſtance CB, FF. 
and fo on for the reſt; and if the Sum of the N 
Products ariſing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the latter, . 
the Quotient will give CO, the Diſtance of the H. 
Center of Oſcillation of the Bodies A, B, D, =_ 
Sc. from the Point C (d). their 
| other: 

Dittan 


{4) Den. That the Proceſs may be leſs complicated, let u 
ſuppoſe but two Badies, as A and F, fixed to the Rod CF ; and 
let Al and FL be the Archs which the Bodies A and F deſcribe 
when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL. Contiguous to the Line CL draw CR:nces { 
then may the Archs IP and LR be conſidered. as Tangents K Ic. 
the Points I and L, and thoſe Tangents as inclined Planes, down: 
which the Bodies I and L are to roll: Theſe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve 
locities; but this they cannot do, becauſe heing fixed to — 
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gexible Rod, they will deſeribe the unequal Arch IP and LR in 
the ſame Time. That is, the Body L will oblige the Body I 
to deſcribe a leſs Arch than it otherwiſe would have done; ànd 
the Body I will, occaſion the Body L to deſcribe a larger Arch 
than it would have done. And the Effects of the Forces by 
which they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 
In order to Chick parallel to LI draw MN, and let the 
equal Spaces LM and IN be thoſe the Bodies would move over 
in the leaſt Time poſſible, had they been independent of each 
other. And let the Archs LR and IP be thoſe which the Bodies 
join'd to the Rod deſcribe in the ſame Time. For the Reaſon 
juſt mention'd, the former of theſe wiz. LR, will be larger, 
ich ind the latter, ix. IP, will be leſs than LM or IN; and the 
{e. WH Arch which the Center of Oſcillation deſcribes will be equal to 
A LM or IN, becauſe the Center of Ofcillation deſcribes that 
/ Arch, which the Bodies would deſcribe in the ſame Time, if 
mee ey were both together, and neither of them an hindrance or 
the WR furtherance to the other. Conſequently the Center of Ofcilla- 
tion is at V, where the Lines MN and PR croſs. 

hen Bl Now the Motion which the Body I loſes by being retarded, 
ance i Motion over the Arch PN; and the Motion the other Body 
CB guns by being accelerated, is its Motion over MR: The Force 
Ce Moment of the firſt of theſe Motions, is the Product of the 
the WW Body I multiplied by the Space PN; and the Force or Moment 
ided d the laſt is the Product of the Body L multiplied by the Space 
MR. Theſe are the Forces, Moments or Actions, which retard 

tei, de one Body, and promote the Motion of the other. But ob- 
the ee, that theſe Forces or Moments, in as much as they act at 
TD different Diſtances from the Center C, about which the Bodies 
3 il znd L. when the Pendulum ſwings, do revolve; have each 
their Mechanical Advantage ; but the one a greater than the 
other; For inſtance, L has an Advantage which is as LC, its 
Diſtance from the Fulrhrum C; and I only the Advantage IC. 
As then in determining the Effect of a Power applied to a Lever, 


let w 


F; multiply it by its Diſtance from the Fulchrum ; ſo the above- 
deſcrive Binentioned Forces or Moments (viz. I multiplied by PN and I. 
8 nultiplied by MR) muſt be multiplied by their reſpective Diſ- 
aw CK. 


ances from C; and then we have 1 multiplied by PN multiplied 


gents "dy IC, and L multiplied by MR multiplied by LC for the Ef 
5, done, which, as things are circumſtantiated, thoſe Forces or Mo- 
its beinhvents have upon the Bodies I and L. But, as obſerved above, 
N de Effects are equal, conſequently we have for the firſt Step 
qu C/ * 
o the! 11] IxPN 
flexibe "a ES ©. 


+ 
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The Center of Percuſſion is that Point in 
Pendulum, or in an inflexible Rod moving 


IXPNXIC=LxXMRXL 
But the Triangles PNY | 
and MRY are fimilar, | 
conſequently PN: MR: Y: RT 
Comparing the two laſt 3] [ XxPYXIC==LXRYXLC 
Or taking the Pendulum 
in the Situation CPR, 
in which I coincides 
with P, and L with R, 


ww 


we have 4IPXPYXPC=RXRYXRC 
Or, which is the ſame 
thing | [Ax AQxAC=F xFQxFc. 


That is, in Words, if one of the Bodies were multiplied by 
its Diſtance from the Center of Oſcillation, and the Product ar: 
ſing from thence were multiplied by the Diſtance of the ſame 
Body from the Center of Suſpenfion, this laſt Product would be 
equal to the Product of the other Body multiplied by its Diſtance 
from the Center of Ofcillation, multiplied by its Diſtance from 
the Center of Suſpenſion, And, fince the ſame would be tru: 
if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 
Diſtance of the ſame Body from the Center of Suſpenſion, al 
the Products relating to the Bodies on one Side the Center of 
Oſcillation taken together, will be equal to all thoſe which r- 
late the Bodies on the other Side thereof taken together. Let 
then the Diſtances of ary Number of Bodies, as A, B, D, F, 
from the Center of Suſpenſion be called a, 6, d, f, reſpetively, 
and the Diſtance of the Center of Oſcillation Q from the Center 
of Suſpenſion C, be called x : And ſuppoſe the Diſtances of the 
Bodies A, B, D, leſs than the Diſtance CQ. or x; and that of 
the Body F greates, as in the Figure: Then will the Diſtances 
of A, B and D from the Center of Oſcillation be expreſſible by 
x—a, x—b, and x—d; and the Diſtance of F, by f— x ; mul. 
tiplying then each Body by its Diſtance from one Center, and 
the Product ariſing therefrom by the Diſtance of the ſame Body 
from the other Center, we ſhall have Aax — Aae ＋ Bbx 
Bbb + Dax — Dad EF — Ffx, which reduced gives x 


Ana - BB L PT Ff, ...._. * j 
HI. Which latter Equation is the Sen 
of the Rule above laid down. 


IQ 
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round a Point, with which, if the Pendulum 
or Rod ſtrikes againſt an Obſtacle, no Jar or 
Shock at the Point of Suſpenſion ſhall be oc- 
caſioned thereby. | | 
Thus, let CF (Fig. 8.) be an inflexible Rod, 
having the Bodies A, B, D, &c. fixed in it 
at the Points A, B, D, gc. and let O be an 
Obſtacle againſt which, as it vibrates or ſwings 
round the Point of Suſpenſion C, it may 
ſtrike againſt : then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point Q 
ſuppoſe) is called the Center of Percuſſion, 


PR OP OSIT IO N. 


The Center of Percuſſion is the ſame with 
the Center of Oſcillation z and confequently 
may be determined by the ſame Rule (e). 

PR OB. 


e) Dem. From the Definition of the Center of Percuſſion 
above laid down, it appears, that the Forces, with which the 
Bodies A, B and D, which would paſs above O, move; muſt 
be a Counterbalance to the Force of the Body F, which would 
paſs below it: and that the Force of F muſt be a Counterbalance 
to them. But the Forces wherewith thoſe Bodies move, are as 
their Maſſes multiplied by their Diſtances from C, their Velo- 
cities being as theſe Diſtances. Farther, when the Point Q. 
comes to O, and is ſtopt there, the Bodies A, B and D, en- 
ceavouring to go on, {way or bear againſt F, and F againſt 
them ; jait as it they were fixed to a Lever, as AF, having its 
Fulchrum at Q. Conſequently the Forces of the former Bodies, 
ſo far as they act againſt the latter, are as their Diſtances from 
the Point Q; and the Force of the latter, ſo far as it acts _ 

C 
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Let it be required to find the Center of 
Oſcillation, or Percuſſion of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the like) 
every where of equal Size, and vibrating in, 
or reyolying round the Point A, as a Center d 


Suſpenſion. (f) 


the former, is as its Diſtance alſo from Q: the abovementiom 
Forces muſt therefore be multiplied by the Diſtances of the 
Bodies from Q: but the former of them, as obſerved abow, 
balances the latter; and the latter them. So many therefore d 
the laſt Products as relate to the Bodies above Q taken together, 
muſt be equal to that which relates to the Body (or Bodies) beloy 
it. But the like Products were equal to each other, when the 
Point Q was looked upon as the Center of Oſcillation (as in the 
— Step of the —__— Proceſs) conſequently the Center d 
ercuſſion is the ſame with that of Oſcillation. Q. E. D. 

(f) Selut. Imagine the Rod to be divided into the leaſt poſt: 
ble Parts B, C, D, &c. each of which call Oze. Theſe Part 
we may conſider as ſo many Bodies contiguous to one another; 
ſo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Rod. 
To find this, we are by the Rule above laid down in the Text, 
to multiply each of theſe Bodies by the Square of its Diſtance 
from A. The firſt of theſe Products then will be B for One 
multiplied by AB ſquared ; but one multiplied by AB fquarec, 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Are 
or Surface, one of whoſe Sides is AB. In like manner the 
Body C, when multiplied by the Square of its Diſtance from A, 
is a Square Area, one of whoſe Sides is AC, ſomewhat leſs than 
the former. Imagine this Area Haid upon the former; and the 
next, which will be leſs till, laid upon that; and ſo on till 
you come to the leaſt of all. Theſe will make a Pyramid, whoſe 
Baſe is the firſt Area, and its perpendicular Height will be 
equa) to the Thickneſs of them ——— which Thicknels 


will be as the Length of the Line BA. The Value or ſolid Con- 
tent 
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tent of this Pyramid will be AByg (viz. its Baſe) multiplied by 
a third Part of AB (its perpendicular Height). Inthe next 
Place we are to multiply each of thoſe Bodies by its Diſtance 
from A: Now the Body B (or One) multiplied by AB, give a 
Line, as AB; ſo the Product of C, multiplied by its Diſtance 
AC, give a Line, as AC; theſe Lines heaped one upon ano- 
| ther (as the Areas were before) will make a Triangle, whoſe 
Baſe will be AB, and its perpendicular Height alſo AB ; the 
xe) Value, or Area of which, will be AB multiplied by 1 AB. In 
a the laſt Place, by the Rule, we are to divide the Sum of the 
il, BY Products in the firſt Caſe, by the Sum of the Products in the 
r of Wi latter ; that is, the Content of the Pyramid by the Area of the 


Triangle; that is, A x + AB, by AB x AB, which gives 
, that is, * AB, or two Thirds of AB: ſo that the 

1 
Fu Diſtance of the Center of Oſcillation or Percuſſion, (as E ſuppoſe) 


f tom A the Center of Suſpenſion, muſt be equal to two Thirds 
„A, the whole Length of the Rod. Q. E. I. 
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Df the Phenomena which ariſe from 
the mutual Action of the Particles 
of Fluids upon one another. 


IN the former Part of this Eſſay, I have 
laid down and explained the general 
Laws of Nature, and from thence de- 

luced thoſe Phænomena, b are in a ſtrict 

and proper Senſe * denomfnated Mechanical: 
I pro- 


70 In a larger Senſe, all the Effects and Operations of natural 
Pocies upon one another may be called Mechanical ; as being 
l ſubject to the general Laws of Motion. In Hydroſtatics 
Fluids are governed by the Laws of Mechaniſm, as much as 
ne Mechanical Powers themſelves are; the ſame holds of the 
A Rays 
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I proceed now to an Explanation of ſuch, ay 
Philoſophers have comprehended under the 
Name of Hydroſtatics ; the Intention of which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, 
and upon Solids. 

II. The Nature of a Fluid *, as diſtinguiſh- 
ed from that of a Solid, or hard Body, conſiſts 
in this, viz. that its Particles are ſo looſely 
connected together, that they readily move 
out of their Places, when preſſed with the 
leaſt Force one Way more than another. +, 
From whence Philoſophers conclude, that 


they 


Rays of Light, as will be ſeen when we come to Optics; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal. 
ly prevails, as has been demonſtrated by Sir Jſaac Neu; 
which we ſhall endeavour to make out when we treat of the 
Phyſical Cauſe of the Motion of the Heavenly Bodies. 


* Some Philoſophers make the following Diſtinction in 
Fluids ; thoſe which flow or ſpread themſelves till their Surface 
become level or horizontal, they call Liquid; in Contradiſtinc. 
tion to Flame, Smoak, Vapour, c. which are alſo Fluids, but 
do not acquire ſuch a Surface, Thoſe, which are capable df 
exciting in us the Idea of Moiſtneſs, as Water, Oc. they 
call Hamid, diſtinguiſhing them thereby from Air, Quickſilver, 
and melted Metals. But thoſe Diſtinctions are quite unneceſlary 
in a Philoſophical Senſe ; the Surfaces of all Fluids being level, 
when not prevented by the Bodies about them ; and Humidity 
is only a re/ative Quality; for tho Quickſilver will not moiſten, 
or ſtick to a Man's Hand, it will to Silver or Gold. 


+ The common Definition, Fluidum eff cujus partes inpri/ſo" 
exicungue cedunt, & cedendb facillime moventur inter /e, though 
it expreſſes very well the Nature of a compre/ible Fluid, as Ar, 
yet does not correſpond to that of Water, whoſe Parts hate 
been found to yigld to no Force, with which they have been 

| comprelles, 
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they are exceedingly minute, ſmooth, and 


he round *; it being otherwiſe impoſſible they 
ch | | | ſhould 


compreſſed, unleſs it was greater on one Side than on the other. 


, ne Definition therefore ſeems imperfect, as not expreſſing that 
8 r-quality of Preſſure, which is requiſite to move the Parts of 

h. BS fone F luids one among another. | 
ls It is commonly obſerved that the Roundneſs of the Parti- 
ly cles conduces very much to Fluidity, not only as it diſpoſes them 
. to move one among another with greater Facility, but becauſe 
* round Bodies touching one another in few Points only, the 
he Force with which they mutually attract each other, is the weaker. 
but, upon this Suppoſition, the Particles of a Fluid ought to 
T: move with leſs Freedom one among another, by how much the 
lat greater the Weight is, with which they are compreſſed (for it 
y is the ſame thing in this reſpect, whether they preſs againſt each 
| other by Virtue of their own Attraction, or by ſome external 
Force) but of this we have no Experience. A Diver, upon 
and plunging out of his Bell at the Bottom of the Sea, never finds 


ul. the Water leſs fluid, notwithſtanding the great Preſſure from 
n; above. Mr. Boyle having cauſed a Tadpole to be put into a 
the Veſſel of Water, and to be preſſed with a very great Force, tells 
us, that in Appearance it found no Inconvenience from thence, 
but ſwam about with the ſame Freedom and Briſkneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 
Contact with each other, or not? Perhaps, they are prevented 
from approaching, nearer than to a certain Diſtance, by a re- 
pelling Power, diffuſed around each ſingle Particle. The Ob- 
ſervation, that Water is not render'd leſs ſluid by Preſſure, ſeems 
to favour this Opinion ; and the Property, which the Air has of 
expanding or contracting itſelf, according to the Weight which 
it ſuſtains (as ſhall be ſhewn, Chap. 3.) proves beyond Contra- 
diction, that its Particles are endued with ſuch a Power. But 
then if the Particles of all Fluids have this Power, it will follow 
that they ought to be in ſome Meaſure capable of being reduced 
into leſs Space by Preſſure, as Air is; which they have not as 
yet been ſhewn to be. Further, ſince it has been proved (Part 
I. Chap. 3.) that if the Parts of Fluids are placed juſt beyond 
their natural Diſtances from each other, they will approach and 
run together, and if placed farther aſunder ſtill, will repel each 


ther; it follows, upon the foregoing Suppoſition, that each 
| A 2 Particle 
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ſhould move with ſuch Freedom one among No 
another, upon the leaſt Inequality of Preſſure, To 
III. Thoſe Particles, conſidered ſeparately, Nis te 
are endued with all the common Propertic Hof 
of Matter, and ſubje& to the ſame Laws of MLav 
| Motion {Wan 


Hyc 
Particle of a Fluid muſt be ſurrounded with three _ Spheres d E. 
Attraction and Repulſion one within another: the innermoſt d WI 
which is a Sphere of Repulſion, which keeps them from ap cont 
reaching into Contact; the next, a Sphere of Attraction di. com 
fuſed around this of Repulſion, and beginning where this ends 
by which the Particles are diſpoſed to run together into Drops; Plat 
the outermoſt of all, a Shere of Repulſion, whereby they repel Mon: 
diſtt 


each other, when removed out of that Attraction. 

Now, if this Hypethefis ſhould be found to be true; and ve 
might, agreeably to the above-mentioned Conſequence of it, 
ſuppoſe, that the Particles of all Bodies attra& and repel each 
other alternately at different Diſtances, perhaps we might be 
able to ſolve a great many Phznomena relating to ſmall Bodies, 
which now lie beyond the reach of our Philoſophy. However, 
upon the Suppoſition of the three Spheres of Attraction and Re. 
pulſion juſt mentioned, nothing is more eaſy, than to ſee how 
Solids may be converted ino Flu'ds, and Fluids into Solids (: 
is done in Liquefaction and Freezing ;) for allowing, that the 
firlt or innermoſt Sphere of Repulſion is capable, like that of 
the Particles of Air, of being augmented by Heat, and dim 
niſhed or totally ſuſpended by Cold, it follows that Bodies mul 
be more or leſs fluid, in Proportion to the Degree in which 


5 0 
ſition 


they are affected by Heat or Cold: for when the Action of the uct 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, the Quar 
Particles of the Fluid muſt neceſlarily be brought into cloſer = 
Contact with each other by the Force of the circumambient]l.” 
Attraction, and by that means conſtitute an harder Body than Fluid 


before. But, we muſt not dwell too much upon an Hypotheſts 
which wants Proof; I ſhall only add, that altho' ſome Fluids, 
as Water, have not been as yet contracted in their Dimenſions 
or made to take up leſs Space than they naturally do, by an! 
Force with which they have been compreſſed by Art; yet there 
are none but are xaturally contracted by Cold, from whence i 
ſeems reaſonable to infer, that their Particles are at leaſt capavi 
of being brought into cloſer Contact, which is ſome Confirma 
tion of this Doctrine. 


wb atuy has now 440 ce iu d Ae. n. — 
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ons Motion and Gravitation with larger Bodies. 
re, ro enquire therefore into the Nature of Fluids, 
is to conſider, what Appearances a Collection 
tic; Hof very ſmall round Bodies, ſubject to thoſe 
of MLaws, will exhibit under different Circum- 
tion Miſtances. In order to which, it is uſual with 
Hydroſtatical Writers to conſider a Fluid, as 
divided into ſeveral perpendicular Columns 
 ap-Mcontiguous to each other. Sometimes it is 
d. convenient to conceive it divided into thin 
op, Plates or Strata lying upon one another. In 
rep! ſome Caſes, the fame Fluid is conſidered, as 
1 « Mdiſtinguiſhed both theſe Ways, vig. into per- 
f i, Mipendicular Columns, and alſo into thin Strata 
each er Plates. Figure 1. repreſents a Veſſel filled 
odies, with a Fluid to the Height EF, and divided 
vever, into the Columns GH, IK, LM, Sc. and alſo 
into the Strata RS, TV, XY, Sc. 

IV. From this Obſervation, concerning the 
Properties of the Particles conſidered ſeparate- 


lat 0 b I : 
am, immediately reſults the following Propo- 
* tion, dig. that in a Veſſel, whoſe Form is 
wm Pp y . 
of the och as repreſented by ABCD, (Fig. 1.) the 


Gantity of Preſſure, which each Stratum ſuſ- 
ans from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


lt is an obvious Objeftion to this, that Water by freezing is 
pemented in its Bulk; but this may be owing to thoſe Bubbles 
t Vacuities, obſervable in the Water after it is frozen, which 
re not in it before; and not to any general and uniform Re- 
eral of the Particles of the Fluid from each other, which the 
vection, if it is of any Force againſt what has been advanced, 
il ſuppoſe. 


capabll 
nfizma 


Strata, 
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Strata, which reſt upon it, that is, as the Height; 

of the Surface of the Fluid above it; for if 
we ſuppoſe the Strata of equal Thickneſs, the pr 
Quantity ſuſtained is proportionable to the kh: 
Number of Strata of which it conſiſts. * 
V. When the Surface of a Fluid is horizon. Nu 
tal or level, each Particle thereof is diſpoſed Mp.; 
to continue in its Place, being ſuſtained there; 
in by the contiguous ones. R 
Let the Fluid be ſuppoſed to be divide! ! 
into Strata, each of the Thickneſs of a Pari. Nc 
cle of the Fluid; and if the Truth of thi 
Propoſition be denied, let the Particle nb 
one of thoſe which is not ſuſtained in its 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, fince all the 
other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Pret- 
ſure (by the laſt Propoſition,) conſequently tor 
the ſame Reaſon that one of them is moving 
towards D, the reſt may all be ſaid to b 
moving in the fame Direction: but this can 
not be true of the whole Stratum, while tha 
Veſſel is entire, and therefore of none of i 
Parts. Now, the like Reaſoning will hold 
gainſt the Motion of the Particle m toward 
any other Part of the Veſſel; from whence NA 
follows, that each Particle of the Fluid 
ſuſtained in its Place by the contiguous one. 
| 0 
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and therefore diſpoſed to continue at Reſt.“ 

VI. From hence 1s derived a fundamental 
Propoſition in Hydroſtatics, viz. That when 
he Surface of a Fluid is level, whatever Preſ- 
ure any ſingle Particles or ſmall Portion of it 
uſtains from the contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt ; that 
;, it is preſſed by them with an equal Degree 
Force on all Sides . 

For, by the Definition of the Fluid (F. 2.) 
ach Particle is diſpoſed to give Way, and 
ove out of its Place, when the Preſſure is 
not equal on all Sides; and (g. 5.) each Par- 
cle is preſſed by the contiguous ones in ſuch 
Manner, that it is ſuſtained in its Place there- 
y; it is therefore preſſed with an equal De- 
pree of Force on all Sides. 

Corol, From hence it follows, that each 
Particle or ſmall Portion of a Fluid preſſes 
mth the ſame Degree of Force in all Direc- 
ons on thoſe which are contiguous to it. 


For, by the third Law of Nature, every Par- 


This ſhews us the Abſurdity of ſome Philoſophers, who 
make the Nature of a Fluid, as contradiſtinguiſhed from that 
If a Solid, to confiſt ſolely in the inteſtine Motion of its Particles. 


f This Propoſition, with its Corollary, is not ſtrictly ſpeaking 
e, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 
led void of Gravity, for it preſſes downwards with a Force 
qual to the Weight of thoſe Particles which reſt upon it, ad- 
ed to its own ; whereas the Force with which it preſſes up- 
ards is only equal to the Weight it ſuftains, viz. that of the 
keumbent Fluid. But the Particles of Fluids are ſo exceedingly 
Wnute, and the Gravity of each fo very ſmall, that the Error 
ling from hence is inſenſible. 
ticle 
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ticle preſſes upon the contiguous ones with 
the ſame Degree of Force, with which it 
preſſed upon by them. fan 

VII. The Surface of a Fluid becomes le 
by its own Gravity, when no external Fot Hof 
prevents it being ſo. of 

For, the Particles of Fluids preſs in all D. cha 
rections with Forces proportionable to th Pr 
Height of their Surfaces (Cor. F. 6. and g. h 
If then the Surface be not level, the differenM | 
Parts of the ſame inferior Stratum will End 
preſſed not only downwards, but ſideways „ doc 
gainſt each other with unequal Forces; the oft 
greater Preſſure therefore overcoming the weak. ſom 
er, the Particles which ſuſtain the leaſt Prel- 
ſure, will be driven out of their Places and 
raiſed up, till the Surface becomes level; than 
Surface being level, each Particle will be e. 
qually preſſed in every Direction, (F. 8.) a be 
therefore will remain at Reſt, and the Surf de 


continue in that State *. Portio 
VIII Parts « 

Wheth: 

he 8 

This Demonſtration, and alſo both the foregoing, ar he 0 


founded upon a Suppoſition, that Bodies tend downwards by 
their Gravity in Lines parallel to each other, which thouy 
phyſically true, is not ſtrictly ſo, their Tendency being toward 
the Center of the Earth, and conſequently in Lines which mes 
in a Point : and therefore, if we would be accurate, the Flu 
contained in a Veſſel ſhould be conſidered, as divided into Co 
lumns and Strata, as repreſented Figure the ſecond, where ABI 
is the Earth, C its Center, EFGH a Fluid contained in a Ve 
ſel, and divided into Columns, which if continued down i 
the Center of the Earth, would there terminate in a Point C 


and into the concentric Strata, ah, cd, &c. having the Cent . a 
of tue Earth for the Center of their Convexity. And then vi. dun 
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VIII. Fluids gravitate in Fluids of the 
ſame Kind. 

This Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 
of the Particles of which Fluids conſiſt, vi. 
that they are ſolid, and endued with the ſame 


properties with other Bodies. The Reaſon 
why their Gravity is not ſenſible in the Fluid, 
js becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 
docs not follow from thence, that the Gravity 
of the uppermoſt is entirely taken away, as 
ſome * Philoſophers have imagined ; for, as 


ſhould find that the Particles of the Fluid will not be in Zqui- 
librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface EF, concentric to that of the Earth. For, ſup- 
poling the Fluid EFGH continued down to C, fo as to fill the 
Space ECF ; it is evident the Columns, into which the Fluid is 
(vided, cannot be of equal Lengths, and therefore cannot be of 
an exact Counterpoiſe to each other, unleſs the Surface EF is a 
Portion of a Sphere, whoſe Center is C: but the Action of the 
Parts of the Fluid upon each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not. Conſequently 
the Surfaces of Fluids are not level or plain, but convex, having 
the Center of the Earth for the Center of their Convexity. 

This Convexity, by Reaſon of the great Diſtance of the 
arth's Center, approaches ſo near to a Plane, that in ſmall 
Portions of it, the Difference is not ſenſible, and therefore may 
be neglected: but at Sea, tis evident to Senſe; for when the 
Mariners put to Sea, the Shore firſt diſappears, then the lower 
pullings, afterwards the Towers, Mountains, &c. in like 
anner, when they approach'a diſtant Ship, the Top of its 
Mat and Sails appear firſt, while the Ship itſelf is intercepted 
om their View, by the Convexity of the Water between them. 
This was the Notion of the Carteſſans, who held, that 
ten a Fluid is mixed with another of the ſame Kind, it loſes 

own Weight thereby. 

B 


much 
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much as the lower Parts preſs againſt the upper 
in ſuſtaining them ; juſt ſo much do the up 
by their Re- action preſs upon the lower. Thus 
the Weight of the whole Fluid is communi. 
cated to the Veſſel, which therefore weigh 
according to the Quantity it contains, notwith- 
ſtanding the Preſſure of each Portion of the 
Fluid, taken ſeparatcly, ſeems not to affect it. 

IX. The Preflure of a Fluid is in Propor- 
tion to its perpendicular Height, and the Quar- 
tity of Surtace againſt which it preſſes. 

This Propoſition admits of four Caſes, 

1. When the Fluid is contained in a Vel 
ſe] of the ſame Dimenſions, from Top to Bot 
tom, and held in an erect Poſition, as that 


repreſented Fig. 1. it is evident, the Preſſut 


of the Fluid upon the Bottom will be in Pro 

ortion to its Magnitude, and the perpendici 
lar Height of the Surface of the Fluid aboy 
it, For, conceiving it divided into Column 
the Preſſure upon the Bottom, by the fourt 
Propoſition, will be as the Length or Heigl 
of the Columns: and it will alſo be as tl 
Number of them, becauſe the Quantity 
Fluid, which preſſes upon the Bottom, is 


that Proportion, that is, as the Magnitude Ms 


the Bottom preſſed upon. But when the Ve 
ſel is inclined or irregular, the Truth of tl 


Propoſition is ſo far from being evident, thi: 


it has been commonly looked upon as a ly 
ſadox. | 


2. 
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L 2. Let the Veſſel ABCD (Fig. z.) be filled 
with a Fluid to the Height EF, and held in 
an inclined Poſition, as there repreſented; I 
ay, the Preſſure of the Fluid is proportion- 
able to the Magnitude of the Baſe CD, and 
FG or HD the perpendicular Height of the 
Surface of the Fluid above it. 

For ſuppoſing the Fluid divided info the 
Strata El, KM, LO, Sc. fo far, as the firſt 
Stratum EI is prevented from preſſing upon 
KI the Surface of the next inferior Stratum, 
by being in ſome Meaſure ſupported by the 
Side of the Veſſel FI, ſo far is its Preflure 


Vel augmented by the Re- action of the oppoſite 
Bose EK upon it, which is exactly equal to 
tha e Action of the former, becauſe the Fluid 
flure 


preſſing every Way alike, at the fame Depths 
below the Surface, exerts an equal Force a- 
rainſt both theſe Sides. The Surface there- 
fore of the ſecond Stratum is preſſed with the 
mu ame Degree of Force with which it would be, 
our if the Quantity of Fluid contained in the for- 
eigner Stratum was included within the Space 
8 ch HK OI, which is exactly equal to it, as having 
ty Mithe ame Baſe KI, and the ſame perpendicular 
eight OI“. Now, this being true of each 
dc Neratum, their Preſſure upon CD the Baſe of 
e Ve veffel is the ſame, as if they were all 
pf tl placed perpendicularly over it, and filled the 
„pee RHCD ; which they would do, fince 


© 33, K ih. 
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the Sum of their perpendicular Height QI, Ks, 
LT and NV are equal to HD the perpendicu. 


lar Height of this Space, and each of their B. 


ſes KI, LM, Sc. is equal to CD its Baſle 4, 
But, by the foregoing Caſe, if the Space 
RHCD was filled with a Fluid, the Preſſun 
of it would be proportionable to the Dimen. 
ſions of the Baſe CD, and the perpendiculx 
Height DH, therefore it is the ſame in the in. 
clined Tube ABCD ||. 

3. Let the Veſſel ABC be irregular, 
repreſented Figure the fourth, and filled with 
Fluid to the Height D, I ſay, the Preſſun 
of the Fluid upon the Baſe C, is proportion. 
able to the Magnitude of the Baſe, and CD 


the perpendicular Height of the Surface of the 
Fluid above. 


+33. J 11. 

Perhaps it may be thought more Geometrical, to demos. 
ftrate this Propoſition with the Generality of Authors from the 
Property of the inclined Plane. They conſider AD the lone 
Side of the Tube, as an inclined Plane, on which the Flu 
contained within it reſts, and argue that it loſes thereby a Pat 
of its Weight in Proportion to the Length. of the Plane, and 
therefore occaſions no greater Preſſure upon the Baſe, than | 
the Veſſel was held erect, and filled only to the ſame perpet- 
dicular Height, as when inclined. But this Demonſtratm 
proves too much, for by this Way of Reaſoning, one migit 
ſhew, that the Preſſure of the Fluid EFCD upon the Baſe 
is leſs than the Preſſure of RHCD a Column of the ſame Flu 
having the ſame Baſe and equal perpendicular Height with i 
For both the inclined, and the perpendicular Column conta 
the ſame Quantity of Fluid, upon Account of the Equality o 
their Baſes, and perpendicular IIeights; but that reſts upon 
inclined Plane, which this does not, and therefore preſſes le 
upon the Baſe. But this is contrary both to — and 
Experience, the Argument therefore proves too much, 


I 


(0W 
Poſi 


1 
much 
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In order that the Proof of this Propoſition 
may be the better underſtood, we muſt pre- 
miſe the following Lemma, viz. 

That when a Fluid paſſes through a Pipe, 
as AB, (Fig. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while tbe Fluid is paſſing through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter; for Inſtance, it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through C at any Inſtant 
of Time, is leſs than at D, and fo of the reſt ; 
becauſe a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
fame Time, unleſs it ſhould move faſter there 
in Proportion to the Smallneſs of them. Now 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
n te locity ; (as explained Part I. Chap. g. $1] 
low" conſequently what the Fluid, which is actually 
pu paſſing through the narrower Parts of the 
„ u Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and what it wants 
data in Point of Velocity in the other Parts, is 

made up by the Quantity paſſing through 
them ; fo that the Moment is the ſame'in every 
Part of the Tube, whether larger or nar- 
rower *. The ſame is true, whatever be the 
Polition the Tube is held in. 


Let 


* Thus, we may obſerve in a River or Canal, that by how 
if auch the Breadth or Depth is leſs in any Part, ſo much the 


more. 
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Let us now conceive the Fluid in the 
Veſſel ABC (Fig. 4.) to be diſtinguiſhed in. 
to the Strata EF, GH, IK, Sc. Let us alſo 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding 1255 and 
down the narrow Part of the Veſſel, v. g. 
from C to GH, (without letting any of the 
Fluid run out.) Let it further be ſuppoſed 
that this moveable Bottom, is drawn up or let 
down with a given Velocity, while the Vel. 
ſel itſelf is fixed and immoveable ; it is evi. 
dent the lowermoſt Stratum, which is conti 
guous to the Bottom, will be raiſed or le 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 
Strata will have the ſame Moment, conſe— 
quently the Moment of all taken together 
(that is, of the whole Fluid,) is the ſame, 2 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt ;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number 0 
Strata, that is, the perpendicular Height of the 


more rapid is the Stream in that Part; and on the contra} 
where it 15 wider and deeper, the Motion of the Water is mord 
gentle and languid. So that the Moment, with which it flows 
is the ſame in every Part. p. 4 

Ula, 
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Fluid, and the Magnitude of the lowermoſt 
Stratum, that is, the Bottom. 

Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
fll'd with a Fluid to D; I fay the Preſſure 
upon the Bottom BC, 1s proportionable to the 
Dimenſions of the Bottom, and to DE the 
perpendicular Height of the Fluid. 

For, if we ſuppoſe the Bottom moveable, 
as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stra- 
tum will be the ſame with that of the lower- 
moſt, by the Lemma; therefore the Moment 
of all taken together, is the ſame, as if the 
Veſſel had been no leſs in any one Part, than 
it is at the Bottom; conſequently the Preſſure 
is proportionable to the perpendicular Height, 
and the Magnitude of the Bottom. This Caſe 
ij the Converſe of the former“. 


From 


* Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, &c. For from hence it 
follows, that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 
the other End with its Surface in the Reſervoir. Thus let 
ABC (Fig. 8.) repreſent a Reſervoir or Bafon of Water, DGE 
a Pipe laid from thence to E If E the End of the Pipe is pla- 
ced above the Line ABF, the Level of the Water in the Reſer- 
voir, the Water will run into the Pipe, till it riſes in the 
ther End to F the Level with AB; at which Time the Water 
n the Pipe will be in Æquilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 
durface of the Water in the Reſervoir, it will continue to run 
out, till they are reduced to a Level. For, let GH be the low- 
& Part of the Pipe, then ſince F the ndicular Height of 
tie Fluid on one Side, is equal to B the perpendicular Height 
et the Fluid on the other, and GH, which (being the _ 

where 
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From hence it follows, that, if a Veſſel! | 
made of ſuch a Form, as is repreſented (Ig. „os 
by ABCDEFG, and filled with a Fluid »M <q: 
the Height C, the Weight which the Botta by 
ſuſtains, is as great as it would be, had thi of | 
Veſſel been IKFG (which is every where off ! 
the ſame Dimenſions, that the other is of x AB 
the Bottom) and filled to the Top IK. Beet. 
cauſe the Preſſure, by the Propoſition, is p act. 
portionable to the Bottom and perpend. HI, 


cular Height, which in both Caſes are the mel 
ſame *. | run 
the 


X. The 


where the Fluids preſs one againſt another) may be conſidert 
as a Baſe to both, is common; it follows from this Propoſition, 
that the Preſſures on each Side are exactly oq_ ; and therefor 
being in contrary Directions will neceſſarily deſtroy each othe, 
and the Fluid will remain in /Equilibrio. But while the El 
E is below the Level, this /Equilibrium cannot be obtained 
and therefore the Fluid will continue to run out. 

For the ſame Reaſon, when two or more Tubes communica 
with each other, the Surface of the Fluid they contain wil 
ſtand at the ſame Level in all. | 

The Reaſon why the Veſſel ABCDEFG, within the Flu 
contained in it, does not weigh ſo much, as the | Veſſel IKT 


when full to the ſame Height, notwithſtanding the Preſſure i mp 
on the Bottom is the ſame in both, is, becauſe ABDE the q tbe : 
per Part, or Cover of the former Veſſel, is preſſed upwards vt Por { 
the Fluid below it, with a Force equal to tle Endeavour th . 
Fluid in the ſmall Tube BCD has to deſcend. Which Endes x 
vour is the ſame that it would be, if the Tube BCD compre” Plea 
hended alſo the two Spaces ICBA and CKED, its Momes the fa 
being the ſame in both Caſes by the Demonſtration ; the Cor -. KY 
therefore is prefled upwards with a Force equal to the Wei bat the 
of as much Fluid as would fill the two Spaces ICBA = er op 
CKED; conſequently the Veſſel, whoſe Form is ABCDE! ® * 
is ſo much lighter than the other, that is, as much as the Fl herby 


it contains is leſs. p 
r0 
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X. The Velocity, with which a Fluid ſpouts 
out at an Hole in the Bottom of a Veſlel, is 


equal to that, which a Body would acquire 
on by falling freely from the Level of the Surface 
+. of the Fluid to the Hole. 

Let there be a large cylindrical Tube 
„ABCD (Fg. 9.) in the upper Part of which 
p. let us imagine a Cylinder of Ice FGHI ex- 
Ito actly fitting it; let it further be ſuppoſed, that 
Hl, the lower Surface of the Ice, is continually 


melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
ceſſarily be ſuch, as is repreſented in the Fi- 
eure by HLI; for the Water falling freely 
will deſcend faſter and faſter like other Bodies, 
cauſing thereby the Stream to become nar- 
rower and narrower. Now, let it be ſuppo- 
ſed, that the Tube has a Bottom, as CD, with 
an Hole in it at K, juſt ſufficient to let the 
dream paſs freely; it is evident, there will be 
no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, that the leaſt Quantity of 
- may be made to raiſe any Weight how great ſoever 


for ſince the Cover ABDE is preſſed upwards with a Force 
equal to the Weight of as much Fluid, as would fill the two 
vpaces ICBA and CKED, and thoſe Spaces may be enlarged 
* Fleaſure in Height, by lengthening the Tube BCD (which 
tthe ſame Time muſt be made proportionably ſmaller, other- 
"le the ſame Quantity of Fluid will not fill it;) it follows, 
az the ſame Quantity of Fluid may be made to preſs the Co- 
er upwards with a given Force; if that Cover then is made 
poveable, any Weight that is laid upon it may be ſupported 


tereby 


Fro SE Fluid 
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Fluid will paſs through the Hole with ſuch F 
Velocity, as it naturally acquires by falling P 
from HI, the lower Surface of the Ice. And 
if we ſuppoſe M and N, the empty Parts of 
the Tube, to be filled with Water, the Water 
will preſs equally upon the Sides of the Stream 0 
in every Direction ($. 6.) and therefore will MW _' 
be no Impediment to its Motion on that Ac. - 
count. Laſtly, let us ſuppoſe the Ice taken . 
way, and the Stream ſupplied from the Wa. 
ter at the Sides, as is the Caſe when a Fluid 
runs out through the Bottom of a Veſſel ; then 
will the Velocity, with which the Water flow; 
through the Hole, continue the fame ; for ſo 
far as the Water coming from the Sides, en- 
deavours to deſcend itſelf, ſo far it obſtrudts 
the Deſcent of the Stream, and no farther; 
and conſequently cauſes no Alteration in the 
Velocity or Quantity of Fluid running out. 
The Velocity therefore, with which the Fluid 
paſſes through the Hole, is equal to that, 
which a Body would acquire by falling freely 
from the Level of the Surface of the Fluid 
to that Place. 

If the Hole is made in the Side of the 
Veſſel at the fame Diſtance below the Sur- 
face, the Velocity will be the ſame, on Ac- 
count of that equal Tendency Fluids have to » the 
move every Way alike *. Cha 

XI. The Fd i 


* Upon this Principle is founded the Practice of making ſl, is 
artificial Fountains. For if to a Veſſel or Reſervoir ABCY, 
(Fig. 10.) filled with a Fluid to the Height EF, be fixed the 
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XI. The Velocity, with which a Fluid 
ch ſpouts out from the Bottom or Side of a Veſ- 
"> Wl {!, is as the ſquare Root of the Height of its 
nd Surface above the Hole *. 

o The Cauſe, why a Fluid ſpouts out through 
i i in Hole made in the Bottom or Side of a Veſ- 
"MB (|, is che Preſſure or Weight of the Fluid in- 


cumbent upon the Hole; from whence it 
© WH ſhould ſeem, that the Velocity ought to be 
ss the Preſſure; but if ſo, then the Quantity 


uid Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 
jon from thence to FL, the Level of the Surface of the Fluid in 
the Veſlel. For, by this Propoſition, it will ſpout from K with 
Ws ſuch a Velocity, as a Body would acquire by falling from FL, 
0 the Level of the Surface, to the Aperture at K; that is, ſuch as 
will carry it from the Aperture to the Level ; becauſe that 
a Velocity which a Body acquires by falling from a certain 
Rs 3-457 ney to carry it back to the tame Height from 
whence it fell 
er; But in Practice the Height the Fluid riſes to, is leſs than 
the that of the Level of its Surface in the Reſervoir : this is ow- 
ng to the Reſiſtance it meets with from the Air, its Friction 
againſt the Sides of the Pipe, &c. It is found impoſſible to 
uid Wi make it much exceed the Height of an hundred Feet: For, 
ut, ben it ſpouts out of the Aperture with a Velocity neceſ- 
* ſary to carry it higher, the Stream is immediately daſhed 
* to Pieces by the Reſiſtance of the Air; whereby it loſes 
uid og, and is prevented from riſing to any conſiderable 
eight. 

This Propoſition may be otherwiſe demonſtrated from 
the the laſt, in the following Manner. For, ſince the Velocity 
zur- ith which a Fluid ſpouts out through an Hole in the Bot- 
Ac tom or Side of a Veſiel, is _ to that which a Body would 

acquire by falling from the Level of the Surface of the Fluid 
e too the Hole, and the Velocities Bodies acquire by falling are 
u the ſquare Roots of the Heights they fall from (Fart I. 
Chap 5. F. 5) it follows, that the Velocity, with which a 
lud ſpouts out from an Hole in the Bottom or Side of a Veſ- 
ſe, is as the ſquare Root of the Height of the Level of the 
durface of the Fluid above the Hole. 


C 2 run 
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run out would alſo be as the Preſſure (for 
the faſter the Liquor flows, the greater is the 
Quantity thrown out in a given Time, and 
vice versd ) conſequently, upon this Sup 
fition we ſhould have two Effects, each de- 
pending on the ſame Cauſe and equal to it, 
which is abſurd. Tis not then the Quantity 
of Fluid run out, nor the Velocity with which 
it flows, but its Moment, or both theſe mul. 
tiplied together, (Part I. Ch. . G. 1.) that i 
the true and adequate Effect of the Preſſure. 
Now theſe being ever in the fame Ratio 
with each other, tis neceſſary, in Order that 
the Effect may be proportionable to its Cauſe, 
that each of them be only as the ſquare Root 
of the Preſſure: For then, being multiplied 
together, their Product, or the Moment of the 
ſpouting Fluid, is adequately as the Preſſure 
which occaſions it; but the Preſſure is as the 
perpendicular Height (F. 4.) therefore the Ve- 
locity, and alſo the Quantity of Fluid ſpout- 
ing out, is only as the ſquare Root of the 
Height of its Surface above the Hole. 

To give an Inſtance or two; ſuppoſe two 
Holes made in the Side of a Veſſel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches; the Velocity with which 
the Liquor flows out of the lower Hole, will Nef 
not be four Times as great, as that with which I © 
it lows through the upper, notwithſtanding 
the Preſſure is four Times greater: For if it 
ſhould, the Quantity run out in a given *. 1 

wou 
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or, would alſo be four Times greater, conſequent- 
the y the Effect produced would be ſixteen Times 
d greater than it is at the upper Hole, that is, 
bo- four Times greater than the Cauſe ; which is 
de. WM abſurd. Whereas the Velocity and Quantity 
it, WW of Matter will each be only twice as great as 
tity Ml they are above, producing thereby a Force or 
ich Moment only four Times as great, which is 
u- proportionable to the Cauſe. So, if an Hole 
it is vere made fixteen Times lower than the firſt, 
are, Ml the Velocity and Quantity of Matter will not 
atio de each ſixteen Times greater than at the 
that other, but only four Times greater a- piece, and 
uſe, MW fo the Moment ſixteen Times greater, as the 
 oot Ml Preflure 1s &. 


lied XII. When 


* From hence, we may ſee the Error ſome of the foreign 
Jure WW Mathematicians have fallen into with Regard to the Forces 
the e moving Bodies, who contend that they are as the Squares 
V of the Velocities multiplied by the Quantities of Matter. 
e-, from this Propoſition it is, that one of the principal Ar- 
out- guments brought in Favour of this Opinion is derived. They 
the ue thus, Effects are ever proportionable to their Cauſer, 
the Preſſure of the incumbent Fluid is the Cauſe of its ſpout- 

ng out, the Force with which it ſpouts out, is the Ffe#; 

two ber by this Propoſition the Preſure is as the Square of the 
city it flows with, therefore the Force is likewiſe as the 
(cuare of the Velocity. True, it is ſo; but let us ſee the Con- 
ans, WM quence. The Force, with which the Fluid ſpouts out, is 
hich = only owing to the Velocity, but alſo to the Quantity run out 
aa given Time. They have each their Share in producing 
will Noe Force, conſequently the Force is in a Ratio compound- 
ed of both, or as the Product of one multiplied by the 
ther, or, which comes to the ſame Thing, (ſince as was 
tdſerved before, they are in the ſame Ratio with each other) 
5 the Square of either of them. From hence it is that the 
forces of Fluids in Motion are ſaid to be as the Squares 
i their Velocities ; not that they are ſo in Virtue of thoſe 
roald _ Velocites 
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XII. When a Current of Water, or other 
Fluid falls, perpendicularly upon the Surface 
of a Plane, or flows againſt it, (as the Wind 
againſt the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, 1s equal 
to the Weight of a Column of the ſame Fluid, 
whoſe Baſe is equal to the Plane, and it; 
Height ſuch, that a Body falling freely through 
it would acquire a Degree of Velocity equal 
to that with which the Fluid moves *. 

In Order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel] ABCD (Fzg. 11.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated 9. 10.) 


Velocities, as ſuch, but in Virtue of them, and the Quanti- 
ties of Matter taken together, or becauſe the - of the 
Velocities is the ſame Thing with the ſimple Velocities mul- 
tiplied by the Quantities of Matter. Therefore when it 
is ſaid, the Forces of Fluids are as the Squares of the Ve- 
locities, that Part of the Force which ariſes from the Quan- 
tity of Matter is really taken into Conſideration, How n- 
diculous then muſt it be in thoſe Gentlemen to fetch an 
Argument from hence to prove, that the Forces of Bodies in 
Motion are as the Squares of the Velocities and Quantities of 
Matter too, when they are as the Squares of the Velocities, 
only becauſe the-Quantities of Matter are implied in them. | 
From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind 
or Water, Sc. See an Inſtance of ſuch a Calculation in tae 
Memoirs of the Royal Academy of Sciences for the Yeat 


1725. 
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In the midſt of this Hole, and conſequently 
in the Stream, let us ſuppoſe a Plane as P 
ſuſpended, but ſomewhat leſs than is ſufficient 
to fill the Hole, leſt it ſtop the Current of 
the Water. Now, 'tis certain, this Plane ſup- 
ports a Column of the Fluid, equal to that 
which prefles upon any other Part of the Bot- 
tom of the Veſſel of equal Dimenſions with 
itſelf (for being thus placed it may be look- 
ed upon as a Part of the Bottom) but every 
Part bears a Column, whoſe Baſe is equal to 
ts own Dimenſions, and its Height the ſame 
with that of the Surface of the Fluid in the 
Veſſel : Conſequently this Plane ſupports ſuch 
a Column, that is, it is reſiſted by the Stream 
with a Force equal to the Weight of a Co- 
lumn, whoſe Baſe has the fame Dimenſions 
vith itſelf, and whoſe Height is equal to that 
of the Surface of the Fluid in the Veſſel, that 
6, ſuch an Height as a Body by falling freely 
om, would acquire a Velocity equal to that 
with which the Fluid moves. | 
XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, &c. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
baſe is equal to ſo much of the Bank as is be- 
bw the Surface of tlie Fluid, and whoſe Height 
$cqual to half the Depth of the Fluid k. 


If 


* From hence we ſee the Reaſon, why the Water of the Sea 
* great Lakes is as eaſily kept within their Banks (ſetting 
ade the Force which ariſes from the Motion of the n 

Fc. 
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If the Preflure upon every Part of the Bank 
from the Surface to the Bottom, was as prey 
as it is at the Bottom, the Preſſure againſt i 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank 
as is under the Surface of the Fluid, and 
which has the whoſe Depth of the Fluid for 
its Height; for the Preſſure upon every Par 
of the Bank at the Bottom is equal to th: 
Weight of a Column, whoſe Baſe correſponds 
to the Part preſſed upon, and whoſe Height i 
that of the Depth of the Fluid ; conſequent- 
ly if the Preſſure was the ſame every where 
from Top to Bottom, it would be equal t 
the Weight of as many ſuch Columns as would 
anſwer to all the Parts of the Bank: But the 
Preſſure every where diminiſhes in Proportion 
as we approach the Top, where it is Nothing; 
it is therefore but half * what it would bein 
the other Caſe ; from whence the Propoſition 
is clear. 


Sc.) as that of the narroweſt Canal, viz. becauſe the Preſſu 
of Fluids is not in Proportion to their Surfaces, but ther 


Depths, and the Surfaces they preſs againſt. 
* Becauſe the Sum of a Number of Terms in Arithmetical 


Progreſſion beginning from Nothing, is half the Sum of an 
equal Number of Terms, each of which is equal to the laſt in 
the Progreſſion 
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WAA.P. 
the Effects Fluids have on Solids 


zmmerſed therein. 


H E Specific Gravity of a Body is that 

by which it is faid to be heavier, or 
thter than another of a different Kind: Thus 
ad is ſaid to be ſpecifically heavier than 
; becauſe ſuppoſing an equal Bulk of 
ch, the one would be heavier than the other. 
tam hence it follows, that a Body, ſpecifi- 
ily heavier than another, is alſo more denſe, 
it is, contains a greater Quantity of Matter 
der the ſame Bulk, becauſe Bodies weigh 
Proportion to the Quantities of Matter they 
ntain (Part I. Chap. 3. 5. 7.) 
II, If a Solid be immerſed in a Fluid of 
e ame ſpecific Gravity with itſelf, it will 
main ſuſpended therein, in whatever Part 
the Fluid it is put. 
Let the Body FGHI (Fig. 12.) be im- 
terſed in the Fluid ABCD to the Depth MN, 
any other whatever; I ſay, it will continue 
| the ſame Part of the Fluid, when left to it- 
lf, without either riſing towards the Surface, 
linking towards the Bottom. 

For, the Body being (by the Suppoſition) of 
qual Gravity with the Fluid, the Weight of 
de Column KLHI, which confiſts partly of 

D Fluid, 
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Fluid, and partly of the Body, is the ſame Mil 
if it had been all Fluid; conſequently HI, tied) 
Part of the Surface of the Stratum MN, whit V 
lies immediately under the Body, is preſſe 
with the ſame Degree of Force, that any oth no 
Part of the ſame Dimenſions is, and then lc 
fore the whole Column KLHI will be GW <q 
ported in its Place, Now, the ſame bein 
true of the Column KLHI, whatever be 
Length, tis evident the Body will be ſuſpent 
ed in its Place at any Depth. 
III. But if the Body is ſpecifically heavi 
than the Fluid, in which it is immerſed, 
will ſubſide to the Bottom: For then, in wh 
ever Part of the Fluid it is put, the Colun 
KLHI will always be heavier than an equ 
olumn, that conſiſts all of Fluid; conſequei 
ly HI, that Part of the Stratum MN, whit 
lies immediately under the Body, will fuf 
a greater Preſſure, than any other Part of f 
ſame Dimenſions ; and therefore will give wi 
and permit the Body to ſubſide continud 
till it reaches the Bottom. | 
IV. On the contrary, if the Body is ſpet 
fically lighter than the Fluid, it will riſe 
the Top, in what Part of the Fluid foeveif 
is put. For then, the Column KLHI W 
always be lighter than an equal Colur 
which is all Fluid; conſequently HI will 
leſs preſſed downwards, than any other | 
of the ſame Stratum of equal Dimenſions, 
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will therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 

V. A Body, being laid on the Surface of 
a Fluid ſpecifically heavier than itſelf, ſinks 
nto it, till the immerſed Part takes up the 
Pace of a Quantity of Fluid, whoſe Weight 
equal to that of the whole Body. 

Let EFGH (Fig. 13.) be a Body, floating 
m a Liquor ſpecifically heavier than itſelf, 
it will fink into it, till the immerſed Part 
IKGH takes up the Place of ſo much Fluid 
s is equal to it in Weight. For, in that Caſe, 
H, that Part of the Surface of the Stratum 
pon which the Body reſts, is preſſed with 
e fame Degree of Force, as it would be, 
us the Space IKGH full of the Fluid; that 
& all the Parts of that Stratum are preſſed 
like, and therefore the Body, after having 
unk ſo far into the Fluid, is in Æquilibrio 
mth it, and will remain at Reſt. 

From hence it follows, that a Body is as 
uch ſpecifically lighter, than the Fluid on 
hich it floats, as the immerſed Part is leſs 
tan the Whole. For, by how much the leſs 


riſe Ne immerſed Part is, fo much the leſs Fluid 
zeverf®Þ* equal in Weight to the whole Body; that 
[1 the Body is to much the lighter in Reſpect 
*olunÞ! the Fluid. And, if the ſame Body be made 


will WW" float ſucceſſively in Fluids, whoſe ſpecific 
er PFvravities differ among themſelves, (but all ex- 
ns, Mrred that of the Body,) the lighter the Fluids 

D 2 -* _ 
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are, ſo much greater will be the Part im. 


merſed *. det 

VI. A Body, ſuſpended in a Fluid ſpeci. I Gr: 
fically lighter than itſelf, loſes a Part of itz bea 
Weight {or rather communicates it to the ing 
Fluid) equal to that of a Quantity of Fluid of itte 


the ſame Bulk. 

Let us, inſtead of ſuppoſing the Body (uf: 
ended in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now 't 
evident, this being of the ſame ſpecific Gn 
vity with the circumjacent Fluid, will be enW xe 
tirely ſupported by it, or, if we ſuppoſe th qu 
Body to be of the ſame ſpecific Gravity with ceiſi 
the Fluid, it will be wholly ſuſpended by it M telt 
we ſee therefore the Preſſure of the circum cific 
ambient Fluid, whereby it endeavours to buo ld, 
up the Body, is equivalent to the Weight of if d 
ſo much Fluid, as would fill the Place th Flyi, 
Body takes up. But, ſince the Fluid preſſ of t. 
only on the Surface of the Body, that Prei there 


ſure is the ſame, whatever be the ſpecific Graf lids 
vity of the Body; the Body therefore loſes | 
much of its Weight, as the Fluid would nat 
rally buoy up; that is, ſo much, as is the Weigh v 
of a Quantity of Fluid of the ſame Bulk, ice 
WIGS, 
This Phænomenon is what gave riſe to the Hydron «in A 
ter, an Inftrument of great Uſe in aſcertaining the Genuinen o de d 
pf Liquors ; for it rarely happens, that the adulterated i Sir 
the genuine ay (however they may agree in Appear: by m 
are of the ſame ſpecific Gravity, | Mit i 
| 8 Wate 
— 1 * the E 
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This Propoſition affords us a Method of 


determining the Relation, which the ſpecific 
Gravities of Bodies, whether Fluid or Solid, 
bear to each other. For, whereas by weigh- 


ing a Solid in a Fluid ſpecifically lighter than 
tlelf, we find the abſolute Weight of a Quan- 
tity of the Fluid equal to it in Bulk (vi. the 
Weight the Solid loſes) the Relation, that 
Weight bears to the Weight of the Solid, is 
the Relation of their ſpecific Gravities ; be- 
cauſe the Weights of Bodies, whoſe Bulks 
re equal, are as their ſpecific Gravities : con- 
quently, if the ſame Solid is weighed ſuc- 
ceſſively in different Fluids (all lighter than 
tfelf) we gain the Relation, which the ſpe- 
atic Gravity of each bears to that of the So- 
id, and therefore to one another. Again, 
if different Solids are weighed in the ſame 
Fluid, the Relation, which the ſpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alſo the ſpecific Gravities of the So- 
ids among themſelves *. 


U CHA P. 


Upon this is founded the Uſe of the Hydroſtatical Ba- 
ance for determining the ſpecific Gravities both of Solids and 
Fluids. The Practice is thus. Firſt, let the Solid be weigh- 
ed in Air, that is, out of the Fluid; afterwards in it (this ought 
to be done by ſuſpending it at one End of the Balance by a 
-n that is as nearly of the ſame ſpecific Gravity with the 
Fluid made Uſe of as poſſible, and letting it fink into the Fluid 
tll it is wholly immerſed below the Surface; if the Fluid 
s Water, an Horſe-Hair is moſt convenient to hang the Body 
* the End of the Balance by) then ſubſtract its Weight in the 
fluid from its Weight in Air, the Difference is what it loſes = 
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CHAP. III. 
Of the Air. 


I. HAT Part of Natural Philoſophy, 

which treats of the Properties of the 
Air, and the Effects of its Preſſure and Elaf- 
ticity, is called Pneumatics. 

II. Air is a thin tranſparent elaſtic Fluid ſur- 
rounding the Earth to a certain Height, and 
taken all together, is called the Atmoſphere. 

III. That Air is a Fluid, is evident from 
the eaſy Paſſage it affords to Bodies moving 
in it: For this ſhews it to be a Body, whoſe 
Parts eaſily yield to a Preſſure, that is greater 
on one Side than on the other, which is the 
Definition of a Fluid. 

IV. Air gravitates towards the Earth, or is 
heavy like other Bodies. 

To prove this, we have Abundance of A- in 
guments both from Senſe and Experiment. one 
Thus, when the Hand is applied to the Ori- «th 
fice of a Veſſel, it readily perceives the Weight W lun 
of the incumbent Atmoſphere, as ſoon as the ¶ Ati 


the Fluid. This done, ſay, by the Rule of Proportion, a the fﬀ the 
Weight loſt in the Fluid is to its Weight in Air, ſo is Unity, call 
or any Number taken at Pleaſure, to a Fourth, which by it 

Relation to the former, will expreſs the Relation of ſpe- RIC 
cific Gravity of the Solid to that of the Fluid. Thus, the Re-. the 
lation, which the ſpecific Gravity of the ſame Fluid bears to that 
of various Solids, or of the ſame Solid to that of various Fluids, 
and conſequently the Relation of the ſpecific Gravitics of al 
among themſelves may be obtained. A 
| It 
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Air included in the Veſſel begins to be drawn 
out. Thus, Glaſs-Veſſels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Preſ- * 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air with- 
out. When the Air is exhanſted out of a 
Veſſel, the Veſſel weighs leſs than before. 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subject *. 
u V. The exact Weight of the incumbent Air 
nd 1s determined by filling a Tube with Mercury, 
and immerghg the open End in a Veſſel of - 11 3 
m the ſame Fluid: For then the Mercury will! 
ing run down the Tube, till its Surface is fallen 
ole to the perpendicular Height of about twen- 
ter MW ty-nine or thirty Inches above the Surface of 
the W the Mercury in the Veſſel, and no further: 
if the ſame Experiment is made with Water, 
che Surface of it will ſtand at about the Height 
of thirty-two Feet above the Surface of that 
A- in the Veſſel; the Column of Mercury in 
ent. W one Caſe, and the Column of Water in the 
Ori- other, exactly balancing the Weight of a Co- 
ght WF lumn of Air, which reaches to the Top of the 
the WF Atmoſphere, and preſſes upon the Surface of 
es the the Fluid in the Veſſels. This is what is 
% called the Torricellian Experiment, from Ton- 
we MY RICELLI the Inventor, and is the ſame with 
Re. the common Barometer. 


i * Sec 3% Trafts, or Graveſande, Lib. II. P. III. 
Ar From 
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From hence it follows (Chap. I. $.9.) WW pr 
that all Bodies, at the Surface of the Earth, ¶ Sit 
ſuſtain as great a Weight from the Preſſure ¶ ph 
of the Air, as is that of a Column of Water, | 
whoſe Height is thirty-two Feet, and its Baſe If per 
equal to the Surface of the Body preſſed MW Sp: 
upon &. on 
VI. That the Suſpenſion of the Mercury rh 
in the Barometer depends on the Preſſure of ¶ con 
the external Air, is beyond all doubt; for if beit 
the Barometer is included in the Air-Pump, ( 
the Mercury falls in the Tube, in Proportion MW: BI 
as the Air is exhauſted out of the Receiver; Han 
and if the Air is let in again gradually, the Wthe. 
Mercury reaſcends proportionably, till it reach- W lf, 
es its former Height. pref] 

VII. That the Atmoſphere is extended to {W And 
a determinate Height, appears from hence; ¶ ural 
viz. that when the Torricellian Tube is re- Ide 
moved to a more elevated Place, the ſuſpend- {Why th 
ed Column of Mercury becomes ſhorter; 
which is, becauſe a ſhorter Column of Air 


* The Preſſure of the Atmoſphere upon every ſquare Inch, Ii fol 
near the Surface of the Earth, is about fifteen Pounds, being teity | 
equal to the Weight of a Column of Mercury, whoſe Height rced 
is thirty Inches, and its Baſe one ſquare Inch. For, ſuch 4 * 
Column of Mercury would weigh abbut fifteen Pounds. The mer L 
Weight of the Atmoſphere therefore, which preſſes upon a Man; IX 
Body, is equal to ſo many Times fifteen Pounds, as the Surface A 
of his Body contains ſquare Inches. n 0 
The Reaſon why a Perſon ſuffers no Inconvenience from ſo 
great a Preſſure, is owing to the Air included withm the Pores burfac 
and Fluids of the Body, which by its Reaction is a Counterpoiſe 0 


to the Preſſure of the external Air. 
pteſſes 
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) WW prefſes upon it; or, that the Tube, in this 
„Station, is nearer the Top of the Atmoſ- 
2 here. 

, : VIII. The Elaſticity of the Air is that Pro- 
e WW perty by which it contracts itſelf into leſs 


Space, when an additional Preſſure is laid up- 
on it; and recovers its former Dimenſions, 
y WW yhen the Preſſure is taken off. This is ac- 
of counted its diſtinguiſhing Property, all the reſt 
being common to it with other Fluids. 
p. Of this we have numerous Proofs. Thus, 
on a Bladder full of Air being compreſſed by the 
r; Hand, the included Air gives way; but when 
he the Preſſure is taken off, the Air expands it- 
h- elf, and readily fills up the Cavity, or Im- 
preſſion made in the Surface of the Bladder. 
to And, if a larger Quantity of Air, than is na- 
de; Nurally preſſed into a Veſſel by the Weight of 
re- {Wie incumbent Atmoſphere, is forced into it 
ad- y the Condenſer (an Engine for that purpoſe) 
er; Jad if that Air is afterwards let out by open- 
Air Wing the Veſſel, the Remainder is found to be 
af the ſame Weight as at firſt; from whence 
lch, Wit follows, that the Air, by means of its Elaſ- 
eing tcity or Spring, drives out all that which was 
„ Wced in by the Condenſer, recovers its for- 
The mer Dimenſions, and fills the Veſſel as before. 
n IX. From hence, together with what has 
een obſerved about the Preſſure of the At- 
moſphere, it follows, that the Air near the 
urface of the Earth, is compteſſed into a 
auch narrower Space by the Weight of _ 
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Air above, than that which it would natu- MW 6 
rally take up, was it free from that Pref. MW Þ'* 
ſure; accordingly it is found by Experiment, MW Ex 
that, when the Preſſure of the Atmoſphere is 
taken off from any Portion of the Air, it imme. 
diately expands itſelf into a vaſt Extent. Hence 
it is, that thin Glaſs Bubbles or Bladders filled 
with Air, being included in the Receiver of 
the Air-Pump, are broke in Pieces by the 
Spring of the Air, which they contain within 
them, when the Preſſure of the external Air 
is taken off, Thus, a Bladder quite flaccid, 
containing only a ſmall Quantity of Air in it, 
{wells upon the Removal of the external Air, 
and appears diſtended, as if it contained as great 
a Quantity as poſſible. The ſame Effect is found 
in carrying a Bladder ſomewhat flaccid to a 
more elevated Place, for there the external 
Preſſure being leſs, the Air included in the 
Bladder is in ſome Meaſure free from the Preſ- 
{ure of the Atmoſphere; it therefore dilates it-W, ” ** 


ſelf, and diſtends the Bladder as in the former =_ 
Caſe. the Cay 


X. It is found by Experiment, that the 
Quantity of Space into which Air may be Tre 
contracted by Preſſure, is reciprocally propor- Maas 
tionable to the compreſſing Force. FromWur. 5 
whence it follows, that the Denſity of the Ar. = 


I 3 1 Nn 
is proportionable to the Preſſure which it ſuſ-· gell 


; . ell 
tains; becauſe the leſs the Space is, into which an 
a given Quantity of it is contracted, the den- =, 

& 


ſer it is. As to the utmoſt Degrees of _ 
on 
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fon and Contraction, which the Air is capa- 
ble of, they are as yet unknown. In ſeveral 
Experiments made by Mr. BoyLe, Air in its 
natural State, that is, preſſed only with the 
Weight of the incumbent Atmoſphere, dilated 
itſelf, when that Preſſure was taken off, into 
more than thirteen thouſand Times the Space 
it took up before. And, he was able ſo far 
to compreſs it, that it ſhould take up more than 
five hundred and twenty thouſand Times leſs 
Space than that, into which it would dilate 
itlelfF, when free from its Preſſure *. 

XI. From this Property it follows, that 
the Air in the inferior Parts of the Atmoſ- 
phere 1s more denſe than that, which is at 
great Heights in the ſame; or, that the Den- 
ity of the Air decreaſes continually, as we 
approach the Top of the Atmoſphere. For the 
Denſity of the Air is proportionable to the Force 


* See - Boyle's Tracts and Experiments on the Spring and 
refſure of the Air. 

Various have been the Opinions of Philoſophers concerning 
the Cauſe of this prodigious Spring in the Particles of Air; ſome 
tolding it to depend on their Figure, which they ſuppoſe to re- 
emble in ſome — little Bundles of Twigs, or the Branches 
Trees; ſome think them like Fleeces of Wool, others con- 
eve them as rolled up like Hoops, or the Springs of Watches, 
ad endeavouring to expand themſelves by Virtue of their Tex- 
we. But Sir J/aac New tos: is of Opinion, that ſuch a Texture 
5 by no Means ſufficient to account for that vaſt Power of Ex- 
anon obſerved above; but that each Particle is endued with 
arepelling Force which encreaſes as they approach one ano- 
ter, and accordingly keeps them aſunder at Diſtances reci- 
pocally proportionable to the Preſſure they ſuſtain. 

dee Hales's Statical Eſſays. Vol. I. Chap. 6. 


E 2 with 
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with which it is compreſſed, and that Force N incli 
continually decreaſes, as we approach the Top, N catir 
Was the Denſity of the Atmoſphere every Wot t 


where the ſame as it is near the Surface of the F 
Earth, its Height (as is computed from the Wed b. 
Quantity of Preſſure it exerts in raiſing the I Bla 


Mercury in the Barometer) would be about Mi lai 
five Miles. But whereas its Denſity continually Mfcier 
decreaſes, as we approach the Top, and it is NClaſs 
uncertain how far the Particles may expand {Wbitel 
themſelves, where there is little or no Preſſure, Mment 
the true Height cannot be obtained. It is com- XI 
= to continue of a ſenſible Denſity to the Whiwall 

eight of about forty-five, or fifty Miles. 
XII. The Elaſticity of the Air produces the 
fame Effects with its Preſſure. ray! 
For, Action being equal to Reaction, the HH W 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed ; juſt as it ,L 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; . 
conſequently a Quantity of Air in ſuch a State N 
of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmol- 
phere, exerts a Force equal to that Weight. Nager 
If a Quantity of Air therefore is included in a E! 
Veſſel, and is of the fame Denfity with the I 
circumambient Air, its Preſſure againſt the N dee 
Sides of the Veſſel is equal to the Weight of 
the Atmoſphere. Thus, Mercury is ſuſtained ſe de 
to the ſame Height by the elaſtic Force of Air . 
included 
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included in a Glaſs Veſſel, no Way communi- 
cating with the external Air, as by the Weight 
of the Atmoſphere itſelf. 8 

XIII. The Elaſticity of the Air is augment- 
ed by Heat, and diminiſhed by Cold *. For if 
; Bladder, which is about half filled with Air, 
; laid before the Fire, it will, when it is ſuf- 
iciently heated, be diſtended and burſt, Thus, 
Glaſs Bubbles being laid upon the Fire imme- 
ately burſt with great Violence by the aug- 
mented Spring of the included Air. 

XIV. The Denſity of the Air thus conti- 
wally varying, according to the different De- 
rees of Heat and Cold, to which it is expoſed, 
the makes it difficult to aſcertain its true ſpecific 

avity. R1ccioLus eſtimates it to be to that 
the Wh! Water, as one to a Thouſand : MErsEnNuSs, 
in Ws one to one Thouſand, three Hundred: Mr. 


* This Property is found in all Bodies both Solid and 
Hud, but in a much leſs Degree, than it is in Air. Thus, 
2 Flaſk be filled with Water, only to the lower Part of 
Neck, and is then ſet upon the Fire, the Water, when it 
tate to grow warm, will riſe into the Neck, and continue 
: alcend, as the Heat is increaſed. And when a Wire or 
1N- = of Iron is heated, it is augmented both in Length and 


10ſ- WW ter 
Upon this Property depends the Phznomena of the Ther- 
zht, meter, which is a Glaſs Bubble with a ſmall hollow Stem 


ning from it. This Bubble and Part of the Stem is uſually 
led with Mercury, or Spirit of Wine, which will riſe or 
Un the Stem, as they are affected by the Heat or Cold 
the external Air. If a ſufficient Degree of Heat is ſud- 
Wy applied to this Inſtrument, the Liquor is obſerved to 
end a little before it riſes, becauſe the Glaſs diſtending it- 
, the Capacity of the Bubble is augmented, before the in 
«& Liquor is affected by the Heat, 


BoyLE, 
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BoyLE, by more accurate Experiments, fount 


it to be, as one to nine Hundred and Thirt — 
eight; and thinks, that all Things conſider i non 
the Proportion of one to a Thouſand may bſ;j.y 
taken as a Medium; for there is no fixing ag T 
preciſe Proportion, becauſe not only the ſpeci Frick 
fic Gravity of Air, but that of Water allo, Me ! 
continually varying. However, by ſome Ex yer 
periments made fince with more Accuracyl,c a 


before the Royal Society, the Proportion hi Bo. 
been fixed at about one to eight Hundred anni! 


XV. Air is neceſſary for the Preſervation off 11 
Animal and Vegetable Life: neither will Erna 
ſubſiſt without it. The Reaſon of this is Hie 1 
yet unknown to Philoſophers. Mr. Hat 
by ſeveral curious Experiments i in his Static; 

Eſſays makes it probable, that tis owing to i. . 


Elaſticity “. ad whit 
ud mz 
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CHAP. Iv. 0 

Planes, 

Of the Refiflance of Fluids. I 
H E Reſiſtance a Body meets with i gn 


moving through a Fluid, is of the ez © 
Kinds. The firſt ariſes from the Friction las of 
the Body againſt the Particles of the Fluid tt 
the ſecond from their Coheſion or TenacitWer d 


® See his Araly/i: of it. Statical Eſſays, Vol. I. Chap. 6. 
amo 
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among themſelves; the third, from their In- 
activity, or the Tendency they have in com- 
mon with other Bodies, to keep the Places 
they poſſeſs. 

The firſt, viz. that which ariſes from the 
Friction of the Body againft the Particles of 
the Fluid, is very inconſiderable; for what- 
ever the Weight is, which preſſes the Particles 
of a Fluid together, the Freedom, with which 
Body moves through it, is not ſenſibly di- 
niniſhed thereby. As was obſerved, Chap. I. 
2. in the Notes. 

The ſecond, or that which ariſes from the 
Tenacity of the Particles of the Fluid, is as 
the Time the Body continues paſſing in it *: 
Thus, 


* We have a very curious Argument in Confirmation of this, 
ad which at the ſame Time illuſtrates the Manner in which a 
dy makes its Way through a tenacious Fluid, by Sir //aac 
aten himſelf, in a Poſtſcript to a Letter in the Philoſophical 
innſaftions, No. 371. It is as, follows. © Suppoſe Pieces of 
ne Silk, or the like thin Subſtance, extended in parallel 
Hanes, and fixed at ſmall Diſtances from each other. Suppoſe 
ten a Globe to ſtrike perpendicularly againſt the Middle of 
ae outermoſt of the Silks, and by breaking through them to 
ve Part of its Motion. If the Pieces of Silk be of equal 
rength, the ſame Degree of Force will be required to break 
ach of them ; but the Time, in which each Piece of Silk re- 
its, will be ſo much ſhorter as the Globe is ſwifter ; and the 
Loſs of Motion in the Globe conſequent upon its — 
rough each Silk, and ſurmounting the Reſiſtance thereof, 
nl be proportional to the Time in which the Silk oppoſes it- 
elf to * Globe's Motion; inſomuch that the Globe by the 
lefſtance of any one Piece of Silk, will loſe ſo much leſs of 
& Motion as it is ſwifter. But on the other Hand, by how 
duch ſwifter the Globe moves, ſo many more of the Silks it 
Rl break through in a given Space of Time; whence the 
« Number 
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Thus, ſuppoſe a Body continues to mon , 
within a Fluid for the Space of one Hour; that 
its Motion be very quick during that Time, i the! 
then moves a great Way in that Fluid, a of \ 
conſequently meets with a great deal of th The 
Fluid to reſiſt it; but is reſiſted the leſs i Vel 
each Part thereof in Proportion to the Stay M 
makes there: whereas, if its Motion be flow Fart 
it then moves but a little Way in that Time” * 
but 1s refiſted ſo much the longer in each on; 
Part thereof. So that whether the Body move * 


faſt or ſlow, the Reſiſtance it ſuffers, is the | 
fame ; and depends therefore on Nothing but 10 

f . „Spec 
the Time we ſuppoſe it to continue moving 
within the Fluid. This Species of Reſiſtanc ce 
is alſo very ſmall, except in glutinous anc 
viſcid Fluids, whoſe Parts are not eafily ſe 
parated. 


Number of the Silks, which oppoſe themſelves to the Me 
© tion of the Globe in a given Time, being reciprocally pr 
Y — 5 to the Effect of each Silk upon the Globe, the Re 
« fiſtance made to the Globe by theſe Silks, or the Loſs o 
Motion the Globe undergoes by them in a given Time, w 
be always the ſame. | 

Now, if the Tenacity of the Parts of Fluids obſerves thi 
* ſame Rule, as the Coheſion of the Parts of theſe Silks; name 
* ly, that a certain Degree of Force, is required to ſeparate ure 
« difunite the adhering Particles, the Reſiſtance ariſing from th 
* Tenacity of Fluids muſt obſerve the ſame Rule, as the Re 
* ſiſtance of the Silks ; and therefore in a given Time, the Lol 
of Motion a Body undergoes in a Fluid by the Tenacity « 
its Parts, will in all Degrees of Velocity be the ſame; or e, v 
* fewer Words, that Part of the Reſiſtance of Fluids, whic 
© ariſes from the Coheſion of their Parts, will be uniform. e wh 


Th 
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The third Species is the principal Reſiſtance, 
that Fluids give to Bodies, and ariſes from 
their Inactivity, or the Tendency the Particles, 
of which they conſiſt, have to continue at Reſt, 
The Quantity of this Reſiſtance depends' on the 
Velocity the Body moves with on a double Ac- 
count: For, in the firſt Place, the Number of 
Particles put into Motion by the moving Body 
in any determinate Space of Time, is propor- 
tionable to the Velocity wherewith the Body 
moves; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 
portionable to the Velocity of the Body; this 
Species therefore of Reſiſtance is in a dupli- 
cate Proportion, or as the Square of the Ve- 
ocity, - with which the Body moves through 
the Fluid *. | | 2 

II. Farther, the Reſiſtance a Body moving 
na Fluid meets with from thence, may be 


e Mofconfidered with Regard to the Fluid; and 
yp then it will be found to be more or leſs, ac- 


This may be otherwiſe demonſtrated from the twelfth 
detlon of the firſt Chapter; for from thence it follows, that ' 
be Reſiſtance a Fluid gives to a Solid againſt which it moves, 
$ proportionable to the Height a Body muſt fall from, to 
quire fuch a Degree of Velocity as the Fluid moves with: 
put the Heights Bodies fall from are as the Squares of the Ve- 
tics they acquire by falling; conſequently the Reſiſtance a 
ud gives to a Solid, againſt which it moves, is alſo as the 
quare of its Velocity. Now it matters not, as to the Refiſt- 
ice, whether the Fluid moves againſt the Solid, or whether 
de at Reſt, and the Solid moves in it; the Reſiſtance there- 
re which a Fluid gives to 4 Solid moving in it, is as the 
qure of the Velocity, with which it moves. 


F cording 
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cording to the Denſity of the Fluid. For by co 
how much denſer the Fluid is, ſo much the Ich. 
greater Number of Particles are to be put int 
Motion by the Body, in Order to make it 
Way through it. 

III. The next Thing to be conſidered, is th 
Effects of the Refiſtance of Fluids upon Bodis 
moving in them; that is, the Retardation 
which they cauſe in the Motion of a Body h 
their Reſiſtance, or the Quantity of Motia 
they deſtroy. 

And this, in ſimilar Bodies of equal Magn. 
tudes, is inverſely as their Denſities, or th 
Quantity of Matter they contain; for by hoy 
much the greater the Quantity of Matter 
any Body is, ſo much the more eaſily does 
overcome the Reſiſtance it meets with fron 
the Fluid. Thus we ſee the Reſiſtance of thi 
Air has a much leſs Effect in deſtroying th 
Motion of an heavy Body, than of a lig 
one which has the ſame Dimenſions. 

IV. In ſimilar Bodies of equal Denſitie 
but different Magnitudes, the Retardation 1s 
verſely as their homologous Sides. For the R- 

ſiſtance Bodies meet with in a Fluid, is inverſe 
as the Quantities of Matter they contain (1 

the laſt) that is inverſely as the Cubes of the 

homologous Sides; and it is alſo direftly 
their Surfaces, becauſe tis by them that ib 

move the Fluid out of its Place; that 1s, « 
realy as the Squares of their homologous dide 
conſequeſ 
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by conſequently the Retardation is inverſely as 
the their homologous Sides *. 


Having given the fundamental Principles of 

Hydroftatics, and ſhewn how Fluids, both 
the compreſſible and incompreſſible, are diſpoſed 
dis to act upon each other, and upon Solids by. 
ion, their Preſſure, Motion, Elaſticity, and Re- 
V fiſtance ; I proceed now to account for ſome of 
tio the more remarkable Phænomena of Nature, 
in which they are in Part, or altogether con- 
cerned: And this I deſign for the Subject of 
the following Diſſertations, 


We * Becauſe the inverſe Ratio of the Cubes of any Numbers 
er being compounded with the direct Ratio of the Squares of the 
des ty fame, gives the inverſe Ratio of the Numbers themſelves. 
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DISSERTATION I ſx 


Of Sound. of t 
\ HEN the Parts of an elaſtic Body are I Me. 


put into a tremulous Motion, by Per. Wticic 
cuſſion, or the like; ſo long as the Tremon{Mupo. 
continue, ſo long is the Air, included in the incl 
Pores of that Body, and likewiſe that which lle 
preſſes upon its Surface, affected with the like Ner 
Tremors and Agitations: Now, the Particle atio 


of Air being ſo far comprefſcd together by the. \ 
Weight of the incumbent Atmoſphere, as theirtcle 
repulſive Forces permit, (as has been explained 
Chap. z.) it follows, that thoſe, which 20 Pes 


immediately agitated by the reciprocal Mo pels 
tions of the Particles of the elaſtic Body, will Wt 
in their Approach towards thoſe which lie ner ec 
them, impel them alſo towards each other ee 
and thereby cauſe them to be more condenſed: 
than they were by the Weight of the incum fllo 
bent Atmoſphere, and in their Return will ſuffq Hop 
them to expand themſelves again; whereby th 
like Tremors and Agitations will be propagate ey 
to them; and ſo on, till having arrived at 8! 
certain Diſtance from the Body, the Vibration}: | 
ceaſe, being gradually deſtroyed by a conti {| 
nual ſucceſſive Propagation of Motion to fre Dire, 
Particles of Air throughout their Progreſs. rot 


Th 
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Thus it is that Sound is communicated from 
z tremulous Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſoundin 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thofe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 
ticles in performing their Vibrations impinge 
upon the Tympanum, which agitates the Air 
ncluded within it; and! that being put into a 
like tremulous Motion, affects the auditory 
Nerve, and thus excites in the Mind the Sen- 
ation or Idea of what we call Sound. 

Now fince the repulſive Force of each Par- 
ticle of Air is [equally diffuſed around it eve- 
Way; it follows, that when any one ap- 
proaches a Number of others, it not only te- 
pls thoſe which lie before it, in a right Line; 
but the reſt, laterally, according to their re- 
ſpective Situations : that is, it makes them 
rcede every Way from itſelf, as from a Cen- 
ter: and, this being true of every Particle, it 
bllows, that the aforeſaid Tremors will be 
propagated from the ſounding Body in all Di- 
retions, as from a Center: And farther, if 
they are confined for ſome Time from ſpread- 
ng themſelves by paſſing through a Tube or 
the like, will, when they have paſſed through 
, ſpread themſelves from the End in every 
Direction. In like Manner, thoſe which paſs 
rough an Hole in an Obſtacle they meet 
wth in their Way, will afterwards ſpread 

themſelves 
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themſelves from thence, as if that was the 
Place where they began; fo that the Sound, 
which paſſes through an Hole in a Wall, or the 
like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it. Some. 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all 
Parts of the Surface in a Circle, though occy 
ſioned not by a circular, but reciprocal Motion 
and Agitation of the Finger, or any other Body 
in a ſtraight Line. | 

Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) i 
follows, that when any Particle is removed out 
of its Place by the Tremors of a ſounding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
repulſive Force of thoſe towards which it i 
impelled, with a Velocity proportionable to 
the Diſtance from its proper Place; becauſe 
the Velocity will be as the repelling Force, 
The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return to 
its Place in the ſame Time; (for the Time: 
Body takes up in moving from Place to Place 
will always be the ſame, ſo long as the Ve. 
locity it moves with is proportionable to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air 1s 


performed, depends on the Degree of Low 
on 
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fion in its Particles: And ſo long as that is 
not altered, will be the ſame at all Diſtances 
fom the tremulous Body; conſequently, as 
the Motion of Sound is owing to the ſuc- 
ceſſive Propagation of the Tremors of a ſound- 
ing Body through the Air, and as that Propa- 
cation depends on the Time each Tremor is 
performed in, it follows, that the Velocity 
of Sound varies as the Elaſticity of the Air, 
but continues the fame at all Diſtances from 
the ſounding Body. 

And as the Velocity, with which Sound is 
propagated, depends on the Elaſticity of the 
Air, ſo it does alſo on its Denſity ; for when 
the Denſity of the Air is augmented, while 
ts Elaſticity remains the ſame *, a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration ; now, fince we ſup- 
poſe the Cauſe by which they put each other 


* Perhaps it will not appear to every one, how the Denſity 
of the Air can be augmented without a proportional Increaſe 
of its Elaſticity ; becauſe, cæteris paribus, x: nearer the Parti- 
cles approach each other, the ſtronger is the Action of their 
repullive Force. 

But it is to be conſidered, that when the Air becomes cold- 
er, its Elaſticity is diminiſhed, and then the Particles are 
brought cloſer together by the Preſſure of the Atmoſphere, 
till they acquire an Elaſticity equal to what they had before; 
viz. ſuch as anſwers to the Preſſure they fuſtain (Chap. 3. F. 12.) 
From hence we may infer, that the Propagation of Sound is 
ſlower in Winter than in Summer, when the Mercury in the 
Barometer is at the ſame Height ; for the Preſſure of the Air 
being the ſame, its Elaſticity which depends upon it, is ſo too; 
but the Air is denſer by Reaſon of the Cold, and therefore its 
Vibrations flower. 


into 
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into Motion (viz. their Elaſticity,) the ſame, 
they will each receive a leſs Degree of Velo. 
city; and ſo the Vibrations will be performed 
in a longer Time, whence the - Succeſſion of 
them will be ſlower, and the Progreſs of th, 
Sound proportionably retarded *, _ 

Whereas the undulatory Motion of the Air, 
which conſtitutes Sound, is propagated in all 
Directions from the ſounding Body; it wil 
frequently happen, that the Air, in perform- 
ing its Vibrations, will impinge againſt var 
ous Objects, which will reflect it back, and 
ſo. cauſe new Vibrations the contrary Way; 
now, if the Objects are ſo ſituated, as to re- 
flect a ſufficient Number of Vibrations back 
(viz. ſuch as proceed different Ways) to the 


The Method of determining the Velocity with which 
Sound 1s propagated, is (by the Help of a ſhort Pendulum) to 
eſtimate the Time, which paſſes between ſeeing the Fire of: 
Gun at a Diſtance, and hearing the Report. Its great Velocity 
makes it difficult to be determined exactly; accordingly Au- 
thors differ much in their Accounts. The moſt accurate Ob- 
ſervers, Dr. Halley and Dr. Durham, have found it to be about 
one Thouſand one Hundred and Forty-two Feet, which is al 
moſt a Quarter of a Mile, in a Second: 

The uſual Experiments to prove that the Air is neceſſary for 
the Propagation of Sound, are ſuch as theſe. A ſmall Bell be. 
ing put into the Receiver of the Air Pump, may be heard at 
conhderable Diſtance before the Air is exhauſted out of it; but 
when the Air is much rarefied by exhauſting, can ſcarcely be 
heard at all. When the Air is condenſed, the Sound is aug- 
mented in Proportion to the Condenſation. Theſe Experiments 
do not only ſucceed in forced Rarefactions and Condenſations, 
but in ſuch alſo as are Natural ; Sound being obſerved to be 
much weaker on the Tops of high Mountains, where the Air 
is leſs condenſed by the Weight of the incumbent Atmoſphere, 
than in the Valleys below. 


{ame 
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fame Place, the Sound will be there repeated, 


and is called an Echo*, And, the greater p 
the Diſtance of the Objects is, the longer will 72 


be the Time, before the Repetition is heard. 
And when the Sound in its Progreſs meets with 
Objects, at different Diſtances, ſufficient to 
produce an Echo, the ſame Sound will be re- 
peated ſeveral Times ſucceſſively, according to 
tte different Diſtances of thoſe Objects from 
the ſounding Body ; which makes what is call- 
ed a repeated Echo. 

If the Vibrations of the tremulous Body are 
propagated through a long Tube, they will be 
continually reverberated from the Sides of the 
Tube into its Axis, and by that means yu 
vented from ſpreading, till they get out of it; 
whereby they will be exceedingly encreaſed, 
and the Sound rendered much louder than it 
would otherwiſe be . 

The Difference of Muſical Tones depend 
on the different Number of Vibrations com- 
municated to the. Air, in a given Time, by the 


LEP Tremors 
1 So 


In WWorddh Paik, ntar Oxford, there is an Echo, which 
repeats —_— ſeventren Syllables by Day, and twenty by 
Night. Plot's ural Hiſtory of Oral ire. 

The Reaſon why it repeats more Syllables by Night, than 
by Day, is becauſe the Air, being colder at that Time, is 
more denſe ; and therefore the Return of the firſt Vibrations be- 
ng ſlower, gives Time for the Repetition of more Syllables. 


This is the Caſe in the Sentor-phonic Tube or Speaking- 
1 ＋ See Kircher de Re Muſica. Lib g. Par. 3. Ode 
Palo, Natur. Princip. p. 293. 
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Tremors of the ſounding Body ; and the 


uicker the Succeſſion of the Vibrations is 7 

the acuter is the Tone, and e nt, lot 
A muſical Chord performs all its” Vibrations, 

whether great or ſmall, in the ſame Time, 


For, if a String is ſtretched between two Ping, Fu 
and a Force is applied to the middle Point, ” 
to draw it out of its rectilineal Situation 4 it Fi 


is found by Experiment, that the Diſtance (if 
it be ſmall) to which it is drawn, is as the 

Force applied; conſequently the Velocity, * 
with which it returns, when left to itſelf, will * 
be as the Space it has to move over; it wil * 
therefore perform all its Vibrations in the ſame M |” 
Time: This is the Reaſon why the ſame Chord, 
however ſtruck, produces the ſame Note. I: 0 
is alſo found by Experiment, that when String A 
of equal Diameters, but different Lengths, 
are equally ſtretched, the longer they are, 6 
much the leſs Weights will draw them fron . 
their rectilineal Situation to the ſame Diſtance; ¶ Rene 


Upon this Principle it is, that Sound is conveyed from one 
Side of a Whiſpering Gallery to the oppoſite one, without be- 
ing perceived by thoſe who ſtand in the Middle. The Form 0 
a Whiſpering Gallery is that of a Segment of a Sphere, or the 
like arched Figure; and the Progreſs of the Sound through it 


=? be illuſtrated in the following Manner. * 
et ABC (Fig, 14) repreſent the Segment of a Sphere Wl. Fn 
and ſuppoſe a low Voice uttered at D, the Vibrations * 
ing themſelves every Way, ſome will impinge upon the Point Fat 0 
E, E, Cc. and from thence be reflected to the Points F, fro l 

thence to G, and ſo on, till they all meet in C; and by their Unia * 
there cauſe a much ſtronger Sound, than in any other Part 0 he 25 
the Segment whatever, even at D the Point from whencoli. far 


they came. 


the 


” 
/ 
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h the Forces therefore by which they return 
de are leſs, and the Times of their Vibrations 
longer. 

When two Chords perform their Vibra- 
tions in equal Times, the Tone produced is 
called an Uniſon. If one performs two, while 
the other one; 'tis an OFave. If one three, 
while the other two; *tis a Fifth. If one 
three, while the other four; 'tis called a 
Fourth, &c. | 

To make an Uniſon Sound, it is not neceſ- 
ary, that the Vibrations of the two Strings 
ſhould actually concur, but only that they 
ſhould be performed in equal Times; ſo that 
they would always concur, if they began at 
the ſame Inſtant, For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
tervals of Time, that paſs between them . 


* Upon theſe Principles we may account for that remarkable 
Phznomenon in My/ic, that an intenſe Sound being raiſed, 
ether with the Voice, or a ſonorous Body, another ſonorous Bo- 
ey near it, and in Uniſon with it, will thereby be made to ſound. 
For the Vibrations of the Air, which correſpond to the Tre- 
nors of the firſt ſounding Body, agreeing exactly, in Point of 
Tine, with thoſe, which are capable of being given to the 
aber Body at Uniſon with it; when they have by their firſt Im- 
pulſe communicated a ſmall ee of Motion to it, will, by 
ing with it, as it moves forwards and backwards, conti- 
wally increaſe its Motion, till it becomes ſenſible. The con- 
tary happens in Strings which are in Diſcord with each other; 
for in this Caſe, though the firſt Vibration of one may give 
Motion to the other, yet their Vibrations not being performed 
n equal Times, the ſecond will come un/ca/enably, i. e. when 
| tie other is moving the contrary Way, an obſtrut its Motion. 
tis farther obſervable, . that in -= Strings, one of which vi- 

2 brate; 


54 Of Sound. Part II, MDiſ 


brates twice, while the other once; if the firſt be ſounded, {Miter f 
the two Extreams of the other will each ſound an Uniſon with Bed, 
it, while the middle Point remains at Reſt. So if one vibrates bm 01 
thrice, while the other once, the laſt will be divided into three N contin 
Parts, each of which will ſound an Uniſon with it, and the two Days, 
Points between thoſe Parts will remain at Reſt. For other. WF by 
wiſe, that which vibrates twice, while the other once, muſt ne. Wax K. 
ceſlarily interfere with it at every ſecond Vibration ; and that The 
which vibrates thrice, while the other once, would interfere becauſe 
with it at every third; ſo that it would not be put into a ſuf. 
cient Motion to produce a Sound. But, when it is divided 
by the quieſcent Points, it becomes ſo many Strings at Uniſon 
with the former, each of which eaſily receives its Vibration WW See 
from thence. 

From hence likewiſe it, is, that if we take two or three es. 
drinking Glaſſes, and put ſome Water or other Fluid into each ons, 
of them, and place them near to each other, taking Care to fil a 
them to ſuch Heights, that (when ſtruck) their Tones ſhale Man 
be in Uniſon; and then, if we ſlide the Finger along the Brin 
of one of the Glaſles, preſſing pretty ſtrongly upon it, (which 
will cauſe it to ſound) we ſhall fee the Surface of the Fluid 
in the other Glaſſes begin to tremble ; which ſhews that the 
Vibrations of the firſt Glaſs cauſe the like in the other a 
Uniſon with it; though not perhaps in a Degree ſufficient tc 
produce a Sound, ſtrong enough to be h diſtinctly fron 
the former. | 

'Thus it is that ſome Perſons are able to break a drinking 
Glaſs by a Tone cf their Voice at Uniſon with it. They f 
try the Tone of the Glaſs by ſtriking it, then applying thei 
Mouth near to the Brim of it, ſound the ſame Note with the! 
Voice ; this ſets the Glaſs a trembling ; they then continuall 
raiſe their Voice, ſounding ſtill the ſame Note; this encreaſe 
the Tremors of the Glaſs, which by that Means (if it is nc 
too ſtrong) is broke in Pieces. 

The Effect of My/ic upon Perſons bit with the Tarantula, 
the Accounts we have of it from Abroad may be credited) 
very ſurpriſing. A Perſon bit with the Tarantula after ſo 
Time loſes both Senſe and Motion, and dies if deſtitute « 
Help. The moſt effeftual Remedy is Mufic. The Muſfici: 
tries Variety of Airs, till he hits upon one that affects the 
tient, who upon that begins to move by Degrees; firſt kee 
Time with his Fingers, Arms, and Legs, afterwards is vi 


lently agitated in every Part of his Body; and then leaps u 
begins to dance, and encreaſes in Achivity every Moment , 


4 
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4 (er five or fix Hours, being very much fatigued, he is put to 
.d, and left to ſweat. The next Day the ſame Air brings 
him out of Bed for a new Dance. Which Exerciſe being thus 


0 continued, the Diſtemper is abated in the Space of four or five 
xo baus, the Effects of the Bite being in ſome Meaſure carried 
or. cr by Sweat, and the Patient begins then to recover his Senſe 
ne. Dad Knowledge by little and little. 

un The Reaſon why the Patient is thus affected by the Mufic, is 


tecauſe the Nerves of his Body are ſo diſpoſed in that Diſtem- 
per, as eaſily to be agitated by the Vibrations which are occa- 
toned by the Principle and ſtronger Notes of what is played. 


dee on the Subject of this Diſſertation, Philoſoph. Tranſact. 

No. 134, 234» 302, 313, 319, 337. Hiſt. de TAcad. 1702, 
1708. Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 
Paſons, p. 59. KerP's Anatomy, p. 214. Baghwi Prax. Medic. 
Nubert. I. Bellini de Urinis & Pulſibus, &c. ſub fine Capitis 
& Mania. 
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DISSERTATION II. 
Of Capillary Tubes. 


Y a Capillary Tube is generally underſtco 

a Glaſs Pipe; the Diameter of who 

Bore is at moſt but about one. tenth of an Inch; 
though any Tube whoſe Cavity does not ei. 
ceed that Magnitude, may be ſo called. 
The Phenomena of Capillary Tubes being 
ſuch as contradict a known Law in HydrofuW 
tics, viz. that a Fluid riſes in a Tube to ne. 
fame Height with the Level of its Source“ 
and likewiſe of Affinity with the Aſcent of tht 
Sap through the Stems of Plants for the Nou 
riſhment of their Fruit, and with divers othe 
2 of Nature: it has been thought 
of no ſmall Moment in Philoſophy to fin 
out and eſtabliſh their true Cauſe ; which af 
ter numerous Experiments, and ſeveral Con 
jectures about it, is found to be no other thi 
the Attraction of Coheſion; by which ſmal 
Particles of Matter mutually adhere together 
and form larger Bodies +. I ſhall law dow 


ther, 


* See Chap. I. 5. 9. Caſe 4. in the Notes. 


I See Hark/ber's and Poxer's Experiments. Muſchenbrit 
gto Edit. Philoſoph. Tranſat. No. 355. Mem. de 1 Acnt Ufect 
1705, 1714 1722, 1724 With others referr d to in Q but th 
ones Philoſoph. 1 
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he ſeveral Phznomena, as ſo many Matters of 
Fit; and ſubjoin to each a Solution from that 
uſe. In Order to which, it may not be im- 
proper to premiſe the following Conſideration 
by Way of Lemina. 

Let us ſuppoſe the Veſſel ABCD (Fg. 15.) 
filed with a Fluid to the Height LM, and 
et it be conceived as divided into the equal 
tions EFGH, GHIK, IKLM, Ge. Par- 
her, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface of the Veſſel, has 
Sphere of Attraction, whoſe Semidiameter 
equal to the Breadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
e Particle M reaches upwards as far as F, 


ed downwards as far as S; and that of the 
Toy WP article O, upwards as far as H, and down- 
thelW2rds as far as U; and fo of all the reſt quite 


und the Tube. From hence it will follow, 


that every Particle of the inner Surface of the 
Veſſel, which lies between EF and RS, con- 


Con res in endeavouring to raiſe the Fluid to- 
thaluds AB the Top of the Veſſel; and that 
mall": Fluid is not affected by any other. For 


Inſtance, the Particle S, and all below it, will 
tract downwards three Strata of the Fluid 
uch as are contained in three equal Diviſions 
i the Veſſel) from above, and as many up- 
fards from below; and therefore will have no 
ect at all in raifing or depreſſing the Fluid. 
ut the Particle Q will attract only two Strata 
Wwnwards ; becauſe there are no more above 

it, 
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it, and three upwards, and therefore will i; 

ſome Meaſure tend to raiſe the Fluid; ſo the an 
Particle O will attract but one downward; if ha 
and three upwards ; the Particle M none down. << 
wards, and three upwards ; the Particle K two 
upwards, and H only one: all which ma © 
clearly be ſeen by their Situations in the Figure of 
with Reſpect to the Surface of the Flu M 
Therefore in every Veſſel, where there is a m-. & 
tual Attraction between the Fluid it contain 
and the Particles of which it is compoſed, there 
will be a certain Number of Particles diſpoſed 


around it in Form of a broad Periphery A ! 
Zone, as repreſented by AB; (Fig. 16.) tay” * 
of which lies above the Surface of the Fluid, and Lem 
half below it, and will tend to make it riſe uM" tt 
wards the Top. This being underſtood, th Colu 
following Phanomena will not be difficult“. * 
E 
] have been the more particular in explaining this ome 
becauſe it is not a bare Periphery of no Breadth, to wh it! 
the Aſcent of the Fluid is owing, but a Zone or Cingulun ( whic! 
Particles diſtended equally in Breadth both ways from the 80 IC 
face of the Fluid; and becauſe it is upon the Breadth of thy Tube 
that ſome of the following Solutions depend. As tot (olun 
Thickneſs of it, that undoubtedly is equal to the Semidiamet . 
of the Sphere of Attraction in the Particles of the Veſſel; 2 which 
therefore Veſſels, whoſe Sides are of different Thickneſles (pWWMhbeca1t 
vided thoſe Thickneſſes be leſs than that Semidiameter) m the E 
have different Effects upon the ſame Fluid, though no one! e Et 
as yet been ſo accurate as to obſerve it. The Reaſon de ſar 
Fluid will not riſe in a large Veſlel, as well as in one that And! 
Capillary, is becauſe the Attraction of its Particles does . 3 


reach far enough into the Middle of the Veſiel ; and the 
tore it only riſes about the Sides, ſtanding higher than um t 
Middle: as may be ſeen in a Drinking-Glaſs, when a Quant 
of Water is put into it, ſomewhat leſs than is ſufficient to fill 
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I. Let there be two Capillary Tubes, AB 
and CD (Fig. 17.) open at both Ends; and 
having their lower Orifices, A and C, immer- 
ged below the Surface of the Water contained 
in the Veſſel FGHI: The Water will imme- 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe; till 
25 much Water has entered the Tubes, as they 
ue able to raiſe: And the Heights to which 
the Water will riſe in them, will be recipro- 
ally as their Diameters. 8 

That the Water ought to riſe in both Tubes 
ban immediate Conſequence of the foregoing 
Lemma ; becauſe the Column of Water with- 
in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attracted up- 
wards by a Portion of the interior Surface of 
the Veſſel ; and therefore will riſe till it be- 
comes as much longer than the external ones, 
s1t is made lighter; that the Æquilibrium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
(Column. The Reaſon that the Velocity with 
rich it riſes, ought conſtantly to decreaſe, is, 
s (rcauſe the heavier the Column is, the leſs is 
e Effect of the Attraction, which is always 
de lame in a Tube of the fame Diameter. 
ad laſtly, the Heights to which the Water 
1 theres in them, will be reciprocally as their Dia- 
(eters; for then the Quantities raiſed will be 
H directly 
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directly as the Diameters * ; but the Peripherie; I he 
that raiſe them, (being always of the ſame no 
Breadth, and having their Lengths equal to the Nof 
Circumferences of the Tubes) are as thoſe Dia- it 
meters; the Quantities of Water therefore, W. 
being in the ſame Ratio, are as the Peripheries 
i. e. as the Cauſes by which they are raiſed. 
II. If the Tubes, before they are immgreed 
in the Water, are filled to greater Heights, 
than thoſe to which it would naturally riſe in 


them; and then have their lower Orifices im- Her 
merged in Water, the Water will ſubſide til niſe 
it ſtands in each at the ſame Height to which Hei 
it would have riſen; but, if they are held u F 
a perpendicular Poſition without being immerWP 
ged, the Water will not fubſide in the Tube um 
quite ſo far. #1 
f 


The Reaſon why the Water in the Tube 
when its lower Orifice is immerged, ſubſde u 
to the ſame Height it would have riſen to, hat IV 
the Tube been immerged when empty, is bet 
cauſe the Column is ſuſpended in one Caſe bye 
the ſame Caufe, by which it is raiſed in th be 
other; but when the Tube full of Water! ic! 


* The Heights to which the Water riſes, being in a recip n W 
tal Ratio of the Diameters; and the Contents of Cylindn 
Tubes being in a direct Ratio of their Heights, and of 

uares of their Diameters ; the Quantities of Water raiſed 1 
this Caſe will be in a reciprocal Ratio of the Diameters, and 
direct one of the Squares of the ſame. Now theſe two Ratic 
being compounded together, give the direct one of the Di 
meters themſelves ; becauſe the ſimple reciprocal Ratio deftro 
one of thoſe, which are contained in the dire& one of t 
Squares. 

he 
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not ſubſide quite ſo far; becauſe the lower End 
the of the Tube, which the Water leaves behind 
Diz MW it as it drops out, attracts it the contrary 
Way; fo that the Column in this Cale is ſuſ- 
pended, not only by the inner Surface of the 
fube at the Top, but alſo by its lower End; 

roed and therefore a greater Quantity of Water is 
his ſuſpended than in the former Caſe. 

II. If a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
tie the Water to the ſame perpendicular 
nich Height, as when held erect. 

ain For fince Fluids preſs according to their 
perpendicular Heights, the Weight of the Co- 
ubel mn raiſed will not be proportionable to the 
ttrative Force of the Tube, till it has arrived 
it the ſame perpendicular Height, to which it 
would have roſe, if held ere. 

IV. If a Tube, when the Water is riſen in- 
bit to its wonted Height, is laid in an Hori- 
wntal Situation, the Water will move towards 
be Middle of the Tube, leaving the End 
mich was immerſed a little behind. 

The Solution of this Phænomenon depends 

n what was obſerved” in the Lemma about 

ee Breadth of the attracting Periphery, and 
iſed is being equally ſituated on each Side the 
, andurſace of the Water; for from thence it fol- 
Rat ws, that if the Water ſhould not run from 
e full End of the Tube, after it has laid in 
N Horizontal Situation, but remain contiguous 


of | 
he H 2 to 


held erect, without being immerged, it will 


— — — 1 
"ay — 2 
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to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri. 
phery as lies within its Surface at that End, 
becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Peripher 
is wanting. Whereas, at the other End d 
the Column, there is a Periphery whoſe Breadth 
is entire; which overpowering the other 
cauſes the Water to move towards the Midde 
of the Tube, till as much Periphery is left be. 
hind, as can at once affect the Water by 
the Attraction of its Particles; after which 
the Water being attracted equally each way, 
remains at Reſt. 

V. Let there be a Tube (Fig. 18.) con. 
ſiſting of two Parts, DR and RCK, of diffe- 
rent Diameters; it follows from what has been 
ſaid, that DR the ſmaller Part of the Tube, 
is able to raiſe Water higher than the other: 
Let then the Height to which the larger would 
raiſe it, be TF, and that to which it would 
riſe in the Ieſſer (was it continued down to 
the Surface of the Fluid) be XL. If this com- 
pound Tube be filled with Water, and the 
larger Orifice CK be immerſed in the ſame 
Fluid, the Surface of the Water will ſink no 
farther than XL; the Height to which the 
leſſer Part of the Tube would have raiſed it. 

But if the Tube be inverted, as in Fg. 19. 
and the ſmaller Orifice XL be immerſed, the 
Water will run out till the Surface falls to TF 


the Height to which the larger Part of the 
Tube 


Difle 
Tube 
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Tube would have raiſed it. The Size of the 
lower Part making no Alteration in the 
Height, at which the Fluid 'is ſuſpended in 
either Caſe. * oy 

In order to account for theſe Phænomena, 
t muſt be conſidered, that when a Body is fo 
diſpoſed, that its different Parts ſhall move 
with different Degrees of Velocity, the great- 
er Proportion the Velocity of that Part to 
which a moving Power is applied, bears to 
that of the reſt; ſo much the more ectual 
b the Power in moving that Body: As is the 
known Caſe of the Lever, and all the other 
Mechanical Powers. 

Now let us conceive the Tube, DR (Eg. 
g.) continued down to HI, and let it be 
luppoſed at preſent that the Fluids contained 
nthe Tube XLHI, and the compound one 
ILKC, are not ſuſpended by the Periphery 
L, but that they preſs upon their reſpective 
baſes, HI and CK. Let it farther be ſuppoſed 
lat theſe Baſes are each of them moveable, 
ad that they are raiſed up or let down with 
qual Velocities; then will the Velocity with 
wich XL the uppermoſt Stratum of the Fluid 
CK moves, exceed that of the ſame Stratum, 
ſidered as the uppermoſt of the Fluid in the 
tube XLHI, as much as the Tube RCK 
wider than DR (by the Lemma, Chap. 1. 
9.) that is, as much as the Space MNKC 
reeds XLIH; conſequently by what was 
erved in the foregoing Paragraph, the 
Effect 
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Effect of the attracting Periphery XL, as He 
acts upon the Fluid contained in the Veſlelfc,; 
XLCK, exceeds its Effect, as it acts upoi wh 
that in XLHI, in the fame Proportion the 
Since therefore it is able (ex Hypath.) to ſuſ pu 
tain the Weight of the Fluid XLHI by em 
natural Power, it is able under this Mechan nd 
cal Advantage, to ſuſtain the Weight of uns 
much as would fill the Space MNKC: BH y 
the Preſſure of the Fluid XLCK is equal gen. 
that Weight, as having the ſame Baſe ante 
an equal Height (Chap. 1. F. 9.) its Preſſu por 
therefore, or the Tendency it has to de 
ſcend in the Tube, is equivalent to the Powe 
of the attracting Periphery XL, for whicl 
Reaſon it qught to be ſuſpended by it. 
Again, the Height (Fig. 19.) at whic 
the attracting Periphery in the larger Part « 
the Tube is able to ſuſtain the Fluid is n 
greater than NF, that to which it would hai Sar 
raiſed it, had the Tube been continued dow 
to MN. For here the Power of the attra dhe 
ing Periphery acts under a like Mechan« 
Diſadvantage; and is thereby diminiſhed | 
Proportion to the Capacity of the Tube TFN\Mrer 
to that of HIXL; becauſe, if the Baſes WW 
theſe Tubes are ſuppoſed to be moved wit 
equal Velocities, the Riſe or Fall of the Sui 
face of the Fluid -TFXL, would be ſo mu 
leſs than that of TFMN, And, where 
the attracting Periphery TF is able by its n. 


tural Power to ſuſpend the Fluid only tot 
Heig 
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Height NF in the Tube TF MN; it is in this 
elle MCaſe able to ſuſtain - no greater Preſſure than 
upon what is equal to the bon wn of the Fluid in 
the Space HIXL : but the Preflure of the 
Fluid TFXL; which has equal Height, and the 
ame Baſe with it, is equal to that Weight; 
ind therefore is a juſt AÆquipondium to the at- 
racting Power. | 
VI, From hence we may clearly ſee the 
Reaſon, why a ſmall Quantity of Water put 
no a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 
o Water contained within it; when the Fluid 
moves, the Velocity of the End D will be to 
tat of the End C reciprocally as the Cavity 
i the Tube at D, to that at C (by the Lem- 
u, Chap. 1. g. 9.) that is, reciprocally as the 
Square of the Diameter at D, to the Square 
the Diameter at C*; but the attracting Pe- 
Idhery at D is to that at C, in the ſimple Ra- 
bb of the Diameter at D, to the Diameter at 
, Now, ſince the Effect of the Attraction 
kpends, as much upon the Velocity of that 
Tat of the Fluid where it acts, as upon its 
tural Force, its Effect at D will be greater 
an at C; for though the Attraction at D 
| really leſs in itſelf than at C, yet its Loſs 
Force upon that Account, is more than 


to | * 12 EL 2. 
compen- 
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compenſated by the mechanical Advantage i kee 
has arifing from hence, viz. that the Velocity int: 
of the Fluid in that Part is greater than it if the 
at C, in a greater Proportion than the Force in 
itſelf is leſs: The Fluid will therefore mo Sep 
towards B. tha 

VII. From hence likewiſe it follows, th Wa 
if a Veſſel, as ABC (repreſented Fig. 21.) d 
any Form whatever, have its upper Part draw 
out into a Capillary Tube as B; and if thi 


Veſſel is filled with Water, and have its low 1. 
Orifice placed on FD the Surface of the ſangthat 
Fluid; then the Water will remain ſuſpendei bet 
in the Veſſel, provided the Capillary at thay a 
Top be ſmall enough (was it continued dom 
to the Bottom) to raiſe the Fluid to the HeighlMWvhe 
B. Becauſe, by Propoſition the fifth, um. 
lower Part of the Tube makes no Alteratioſ be; 
in the Height, at which the Capillary B is abi t 
to ſuſtain the Fluid. Mer 

VIII. And if the ſame Veſſel be filled on mn 
to the Height DE (Hg. 22.) and a Drop ben, 
Water be put into the Capillary at B, the infWYatc 
termediate Part BDE being full of Air) thing 
Water will continue ſuſpended at the Heiglſie T 


DE. 

For, although the Fluid ACDE is not i. IL 
Contact with the Drop of Water in the Carr, 
pillary Tube, and therefore not immediate! 
ſupported by it; yet the Preſſure of the Al 
moſphere upon the Surface FG, and againſt thi 


upper Part of the Drop in the c * 
cef 
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keeps the Fluid ADEC, and the Drop, and the 
intermediate Air from ſeparating, juſt as in 
the former Caſe the Attraction of Coheſion 
in the Particles of the Water prevented a 
Separation between that in the Veſſel and 
that in the Capillary. Conſequently, as the 
Water in the Capillary was able in the former 
Caſe to ſuſtain as much Fluid as the Veſſel 
could contain, it is now ſufficient to ſuſtain the 
Fluid AD²EC x. 

IX. Let there be a Capillary Siphon, as 
that repreſented, Fig. 23, 24 or 25, and let EF 
te the Height, to which Water might be raiſed 
by a Periphery equal to that at A. Now, ſince 
[as was obſerved, g. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
umn to be ſuſpended than otherwiſe would 
le; that is, it ſupports a ſhort Column beſides 
lat which is ſuſtained by the attracting Peri- 
ery ; let HI be the Height of ſuch a. Co- 
oni mn as might be ſuſpended by the End C: 
op Men, if any of thoſe Tubes are filled with 
1e in Vater, and held as in the Figure (neither End 
eng immerged) the Fluid will run out of 


be Tube at C, if CD the Difference of the 


This happens quite other iſe in Vacuo, becauſe the Preſ- 
re of the Air, which, as it were, connects the Drop with the 
Jauer ADEC, being wanting, it immediately falls for Want 
Support. Wheteas the former Phænomenon equally ſuc- 
eds in Vacuo ; which fhews that the Parts of the Fluid in the 
el are connected with each other, and with that in the 
aillary by their own mutual Attraction of Coheſion, there 
ns nothing elfe whereby they can be ſupported. 


1 Legs 
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Legs exceeds EF and HI added together, 


otherwiſe not. 

For the Column AB is a Counterpoiſe ty 
BD, being of the fame perpendicular Height; 
and therefore it is only the Weight of the Co- 
lumn CD, which determines the Fluid to move; 
unleſs that Weight theretore exceeds the Forc 
of the attraCting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 
C, that is, (ex Hypoth.) two Columns whok 
Heights are EF and HI, it cannot run out x 
C; otherwiſe it will, as being deſtitute of: 
ſufficient Support. 

X. If the End A is immerged in Water, and 

the other not (ſuppoſing the Tube full as be. 
fore,) it will run outat C, though CD th: 
Difference of the Legs, only exceeds HI. Fur 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 
Power the End C has to prevent Drops from 
falling off it. 

XI. Again, if the End C is immerged in 
T (and the other not) it will run out at 

C, if CD exceeds EF, otherwiſe not. 

For in this Caſe, there is nothing to ſuppor 
the Column CD, but the attracting Periphery 


at A, whoſe Ne is ſuppoſed able to raile a 


Culuntn as EF , and no more, 


XII. And, if both Ends are immerſed (the 


Tube being ſuppoſed full as before) the Wate 
will run cut at the lov ver, which ever it is 


Fc 
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For then the Attraction of both Ends ceaſes ; 
and the longer Column over-balancing the 
ſhorter, the Fluid is determined thereby to run 
+. out at the lower End. | 
71 XIII. If either of the Tubes (Fig. 23 or 24.) 
ve. ne ſmall enough to raiſe the Water from A to 
3, and if the Orifice A is immerged, the Fluid 
the WI vill rife to B, paſſing on to C, where it will 
de un out or be ſuſpended according to the fore- 
2.1 going Caſes: but if the Periphery at G (Eg. 
10 25.) is ſuch as would. ſupport a Column of 
ate Length of AM only, and if the Tube be 
filled from A to G (the Extremity A being 
ſtil immerged as before) the Liquor will pro- 
ceed no farther, but remain in ho Poſition in 
be. which it is put. 
+, For that Fluid which has paſſed B aſſiſts by 
Ful is Weight the attracting Periphery in raifing 
te de Column AB, and therefore it runs down to 
the C. But, if when the Tube is filled to G, the 
on feriphery there is not able to ſupport more 
than AM the Difference of the Legs AB and 
dG, the Fluid muſt neceſſarily ſtand there; 
ince BG is no more than a Counterpoiſe to 
MB, and AM is ſuppoſed to be as much as 
the Periphery at G can ſuſtain. 
XIV. Tho' a Capillary Tube be ſhorter than 
iſe Mb Height to which its attracting Periphery is 
ble to raiſe a Fluid, v. g. tho' the Tube AB 
(the Eg. 26.) be ſmall enough (was it of ſufficient 
ate Length) to raiſe Water as high as C; yet 
it ischen the End A is immerged, the Fluid will 
I 2 not 
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not run out at B, but only be ſuſpended at 
that Height. 

For when the Fluid is riſen as high as B 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up; 
little above the End, it would be attracted 
back again by it *. 

XV. The Aſcent of different Fluids in the 
ſame Tube is various. Muſſchenbroek has found, 
that in a Tube in which Water will riſe to 
the Height of twenty-ſix Lines, Oil of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will rife thirty-three or thirty-four 


* Hence we ſee the Abſurdity of ſuppoſing that a Fluid may 
be made continually to low from a lower Place to an higher h/ 
a Capillary Tube, as ſuch ; for whether the Tube be of ſuch 
Form, as is repreſented, Fig. 23, 24, 25, or 26, the Flu 
will always ſtop when it comes at the higher End ; becauſe the 
Attraction is then in a Direction contrary to its Motion; and 
the Weight of the whole Fluid, if the Tube is ſtraight, or df 
ſo much as is contained in DC, the Difference of the Legs, ! 
it be creoked, is likewiſe an Impediment in it, 

Hence alſo the Abſurdity of ſuppoſing a Fluid to circulate by 
Virtue of a Capillary Tube, as ſuch. For ſuppoſe the Ends of 
the Capillary Tube joined together, ſo that the Tube ſhall re. 
turn into itſelf; if the Tube be not full of Liquor, the Liquor 
will place itſelf as near as poſſible to the ſmalleſt Part of the 
Tube, as may eaſily be inferred from what was obſerved in 
F. 6. and will reſt there: if it be full, in which Caſe the Ex. 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lying part out of the Fluid, and part in it, and 
conſequently all Ground or Cauſe of Motion, fo far as it ariſes 
from the Tube being capillary, is entirely taken away. And 
if Part of the Tube be capillary, and Part not, the Caſe is full 
the ſame. How ridiculous then is it to affirm, as ſome have 
done, that the Circulation of the Animal Fluids is pro- 
moted by the Paſſages through which they flow, being of tha 
Eind. 

The 


Dil 
Th 


II. 
I at 


;B 


at- 


IÞ 2 
ted 


the 
1nd, 
2 © 
m- 
jere- 
four, 


d may 
her bj 
F ſuch 

Flud 
uſe the 
3 and 

or of 


eg i 


late by 
nds of 
all re- 
Liquor 
of the 
rved in 
ie Ex- 
r Zone 
it, and 
it ariſes 
And 
e is full 
ne have 
is pro- 
of tha 


The 


Diſſert. 2. Of Capillary Tubes. 71 


The Reaſon of which is, becauſe ſome Fluids 
xe attracted more ſtrongly by Glaſs, than 
others are. Mercury exhibits Phenomena juſt 
the Reverſe of the former ; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to 
Level with that on the Outſide, This is 
tecauſe the Particles cf Mercury attract each 


aer more forcibly than they are attracted by 
thoſe of Glaſs *. 


* See Turin's Diſſert. Philoſoph. Tranſ. No. 363. 

According to Mufſchenbroek the Length of the upper Part of 
Tube, which is above the Height to which it is able to raiſe 
zFluid, conduces ſomething towards the raifing it; and there- 
fire in a longer Tube a Fluid riſes higher than in one of the ſame 
Dmenſions that is ſhorter ; and if a Tube, with ſo much Fluid 
untained in it, as it is able to raiſe, be laid in an Horizontal 
fuation, the Fluid will run to the Middle of it. But of this 
ure had no Experience: "Tis poſſible that ingenious Profeſ- 
kr, tho" very accurate in making Experiments, might herein 
e deceived, He acknowledges, (Experiment the fifteenth) that 
tometimes happens otherwite. 


Other Authors, beſides thoſe already referred to, that have 
med on this Subject, are Beyle Exper. Phyſ. Mech. Exp. g. 
nin Colleg. Cur. Tentam. 8. Bernoulli Gravit. Eth. Heike 
lerog. Obſer. 6. Leruncenloe Continuat. Arcan. Nat. Epiſt. 
l. dinclatre Art. Gravit. 


D1S- 
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DISSERTATION II I 


Of the Origin of Fountains, the 


ANY have been the Conjectures oi, 

1 Philoſophers concerning the Origin uin 
Fountains; and great Pains have been take ec! 
both by the Members of the Royal Society M1: 
and thoſe of the Academy of Sciences at 7ariMit 
in order to aſcertain the true Cauſe of it, | 
was ARISTOTLE's Opinion, and held by mul 
of the antient Philoſophers after him, that the 
Air contained in the Caverns of the Ear 
being condenſed by Cold near its Surface, w 
thereby changed into Water; and that it made 
its Way through, where it could find a Pi 
ſage. But we have no Experience of any fuci 
Tranſmutation of Air into Water. 
Thoſe who imagine that Fountains owe 
their Origin to Waters brought from the de 
by ſubterraneous Ducts, give a tolerable Ac 
count how they loſe their Saltneſs by Perco 
lation as they paſs through the Earth; bul 
find great Difficulty in explaining by whal 
Power the Water riſes above the Level of the 
Sea, to near the Tops of Mountains, where 


Springs generally abound; it being contra!\to a 


to the Laws of Hydroſtatics, that a Fluid ſhouſ 


[ll 
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e in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
from this Difficulty. The one is that of 
Des CARTEsS, who imagines, that after 
the Water is become freſh by Percolation, 
tis raiſed out of the Caverns of the Earth 
n Vapour towards its Surface; where meets 
es ng with Rocks near the Tops of Moun- 
gin ans in the Form of Arches or Vaults, it 
take ticks to them, and runs down their Sides, 
cle (like Water in an Alembic) till it meets 
with proper Receptacles, from which it ſup- 
plies the Fountains. Now, this is a mere 
Hypotheſſs withou Foundation or Probabi- 
ity; for in the firſt Place we know of no 
nternal Heat of the Earth to cauſe ſuch 
n Evaporation ; or if that were allowed, yet 
tis quite incredible, that there ſhould be any 
Caverns fo ſmooth, and void of Protube- 
ances, as to anſwer the Ends of an Alembic, 
n collecting and condenfing the Vapours to- 
ether, in every Place where Fountains ariſe. 
There are others (as VARExIUs, Cc.) who 
ſuppoſe that the Water may riſe through the 
erco bores of the Earth, as through Capillary 
dbu Tubes by Attraction; but hereby they ſhew, 
bat they are quite unacquainted with what 
Wrclites to the Motion of a Fluid through ſuch 
Tubes, For when a Capillary Tube opens in- 
oa Cavity at its upper End, or grows —_ 
an 


rt I 


II. 
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and larger, ſo as to ceaſe to be Capillary 2 
that End; the Water will not aſcend through 
that Tube into the Cavity, or beyond where 
the Tube is Capillary ; becauſe that Part af 
the Periphery of the Cavity, which is partl 
above the Surface of the Water, and partl 
below it, is not of the Capillary Kind. Nay, 
if the Cavity is continually ſupplied with 
Water, it will be attracted into the Capll. 
lary Tube, and run down it, as through 4 
Funnel, if the lower End is immerged in 
the ſame Fluid, as in this Caſe it is ſuppoſed 
to be *. 

It has been a generally received Opinion 
and much eſpouſed by MARRIOT TEG 
diligent Obſerver of Nature) that the Rik 
of Springs is owing. to the Rains and melted 
Snow. According to him, the Rain- Water 
which falls upon the Hills and Mountains 
penetrating the Surface, meets with Clay o 
Rocks contiguous to each other, along which 
it runs,, without being able to penetrate them, 
till being got to the Bottom of the Moun- 
tain, qr to a conſiderable Diſtance from the 
Top, it breaks out of the Ground, and form: 
Springs. 


In Order to examine this Opinion, Mr. 


PEeRRAULT, ; DE LA HRE, and D. $1Dt 


LEAU endeavour'd to make an Eſtimate of 
the Quantity of Rain and Snow, that falls in 


gee the foregoing Diſtertation, Sect. 14. 
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the Space of a Vear, to ſee whether it would 
be ſufficient to afford a Quantity of Water, 
equal to that which is annually diſcharged in- 
to the Sca by the Rivers. The Reſult of 
whoſe Inquiries was, that the Quantity of 
Rain and Snow which fell in a Year into a 
Cylindrical Veſſel, would fill it (if ſecured 
from evaporating) to the Height of about 
nieteen Inches. Which Quantity D. S1De- 
1EAU * ſhewed, was not ſufficient to ſup- 
ply the Rivers; for that thoſe of England, 
Ireland, and Spain diſcharge a greater Quan- 
tity of Water annually, than the Rain, ac- 
cording to that Experiment, is able to ſup- 
ply. Beſides which, another Obſervation was 
made by them at the ſame Time, viz. that 
the Quantity of Water raiſed in Vapour one 
Tear with another, amounted to about Thirty- 
two Inches, which is thirteen more than falls 
n Rain: A plain Indication, that the Water 
a Fountains is not ſupplied by Rains and 
nelted Snow. 

Thus, the true Cauſe of the Origin of 
fountains remained undiſcovered, till Dr. HAL- 
r in making his Celeſtial Obſervations upon 
the Tops of the Mountains at St. Helena, about 
eight Hundred Yards above the Level of the 
dea, found that the Quantity of Vapour which 
ell there (even when the Sky was clear) was 


* Memoirs of the Royal Academy of Sciences for the Year 


1093. 
K ſo 
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ſo great that it very much impeded his Ob- li 
ſervations, by covering his Glaſſes with Water ! 


every half Quarter of an Hour; and upon th 
attempted to determine by Experiment th 
Quantity of Vapour, exhaled from the Surfac: 

of the Sea, as far as it rifes from Heat; in of 
order to try, whether that might be a ſuff. . 
cient Supply for the Water continually di- % 


charged by Fountains. The Proceſs of hi ' 
Experiment was as follows. He took a Veſt ! 
of Water ſalted to the ſame Degree with thy 
of Sea-Water, in which he placed a Thermo. pre 
meter; and by means of a Pan of Coal; | 
brought the Water to the fame Degree d 
Heat, which is obſerved to be that of the Ar 


in our hotteſt Summer: This done, he afhr. p 
ed the Veſſel of Water with the Thermome- C 
ter in it, to one End of a Pair of Scales, and = 
exactly counterpoiſed it with Weights on the % 
other. Then, at the End of two Hours, ht * 
found by the Alteration made in the Weigh " 
of the Veſſel, that about a ſixtieth Part of an * 
Inch of the Depth of the Water, was gone df 10 
in Vapour ; and therefore in twelve Hours ona... 
tenth of an Inch would have gone off, No * 
this accurate Obſerver allows the Meatter _ 
ranean Sea to be forty Degrees long, and fou 3 
broad; (the broader Parts compenſating fa miſe 
the narrower ; fo that its whole Surface is one - if 
Hundred and ſixty ſquare Degrees ;) which ac = 
cording to the Experiment muſt yield at leal hoo 


five Thouſand, two Hundred and c:;hty 1 
ion 
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lions of Tons of Water. In which Account, 


* n no Regard is had to the Wind, and the Agi- 
re tation of the Surface of the Sea; both which 
ry undoubtedly promote the Evaporation. 


8 It remained now, to compare this Quantity 
"WM of Water, with that, which is daily conveyed 
into the fame Sea, by the Rivers. The only 
al Way to do which, was to compare them with 
- 1. me known River; and accordingly he takes 
his Computation from the River Thames, and 

[Ml '* avoid all Objection, makes Allowances, 
4 probably greater, than what were abſolutely 
neceſſary. 

The Mediterranean receives the following 
conſiderable Rivers, v/z. the Perus, the Rhone, 
the Tibur, the Po, the Danube, the Neeſter, 
the Borifthenes, the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames ; whereby 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20,300,000 
Tons of Water a Day. If therefore the above- 
ad nine Rivers yield ten Times as much 
Water as the Thames doth, it will follow, 
that all of them together yield but 1827 Mil- 
ons of Tons in a Day; which is but little 
more than one Third of what is proved to be 
raiſed in Vapour out of the Mediterranean 
n the ſame Time. We have therefore from 
hence a Source abundantly ſufficient for the 
supply of Fountains. 

K 2 


Now 
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Now having found, that the Vapour exhaled 
from the Sea, is a ſufficient Supply for the 
Fountains ; he proceeds in the next Place to 
conſider the Manner in which they are raiſed; 
and how they are condenſed into Water 
again; and conveyed to the Sources of 
Springs. 

In order to this he confiders, that, if an 
Atom of Water was expanded into a Shell 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Air; 
and therefore would riſe ſo long as the Warmti 
whic!: firſt ſeparated it from the Surface of 
the Water ſhould continue to diſtend it to 
the ſame Degree; and conſequently, that Va. 
pours may be raiſed from the Surface of the 
Sea in that Manner *, till they arrive at a cer- 
tain Height in the Atmoſphere, at which they 
find the Air of equal ſpecific Gravity with 
themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 
heavier than the Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of Mountains, (many of which far ſurpals 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with It 
to the Tops of them; where being conden- 
ſed into Water they preſently precipitate, and 


See this confi ted in Diſſertation 6. 
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gleeting down by the Crannies of the Stone, 
Part of them enters into the Caverns of the 
Hills; which being once filled, all the Over- 
lus of Water that comes thither, runs over 
by the loweſt Place, and breaking out by the 
Sides of the Hills, forms ſingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks: Many of theſe 
gain meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he obſerves, one would hardly 
think to be a Collection of Water condenſed 
aut of Vapour, unleſs we conſider how vaſt a 
Trat of Ground that River drains, and that 
tis the Sum of all thoſe Springs which 
reak out on the South Side of the Carpa- 
lian Mountains, and on the North Side of 
e immenſe Ridge of the Alps; which is one 
ontinued Chain of Mountains from Switzer- 
und to the Black-Sea. 

Thus one Part of the Vapours, which are 
town on to the Land, is returned by the Ri- 
ers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
ie Mediterranean as is raiſed in Vapour. 


third Part falls on the Low-Lands, and is 
the 
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the Pabulum of Plants, where yet it does not 
reſt ; but is again exhaled in Vapour by the 
Action of the Sun, and is either carried hy 
the Winds to the Sea, to fall in Rain or Dey 
there, or elſe to the Mountains, to become 
the Sources of Springs. 

However, it 1s not to be ſuppoſed, that all 
Fountains are owing to one and the ſame 
Cauſe ; but that ſome proceed from Rain and 
melted Snow, which ſubſiding through the 
Surface of the Earth, makes its Way into cer. 
tain Cavities, and thence iflues out in the Form 
of Springs; becauſe the Waters of ſeveral at 
found to increaſe and diminiſh in Proportion to 
the Rain which falls: That others again, 
eſpecially ſuch as are ſalt, and ſpring near the 
Sea-ſhore, owe their Origin to Sea-Water 
percolated through the Earth; and ſome to 
both theſe Cauſes: Though without doub 
moſt of them, and eſpecially ſuch as ſpring ne: 
the Tops of high Mountains, receive thei 
Waters from Vapours, as before explained“. 


* There is a certain Species of Springs which ebb and foi 
alternately, and ſome that ceaſe to flow for a Time, which froc 
thence are called — or intermitting ones. Their Re 
ciprocations may be accounted for in the following Manner. 

Let ABC repreſent one Side of an Hill in which there 5 
Cavity DEF, and from this a ſubterraneous Duct IKL. Nov 
as this Cavity fills with Water (ſuppoſe from Vapours percl 
lating through the Surface of the H: I, or in any other Mann 
whatever) its Surface will riſe in the Dutt as it does in the Ca 
vity, till it arrives at M, the Level with the upper Part of tt 
Duct; at which Time it will run over at K, filing KLAt 
other Part of the Dutt. Now, if the perpendicular Height « 


the Point K above L (or rather above A) be greater than its pe! 
pendicul: 
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pendicular Height above I, the Column KLA wi i 

—— bags oy ſo cauſe the Water to run — mag _— 
Surface in the Cavity ſinks as far as I, (provided th D 1% 
arge enough — convey the Water away faſter than it — _ 
ap 4 fon which Time the Fountain at A will ceaſe to — til 
the Surface of the Water in the Cavity riſes again t PM. = 
n. over w_ as before. The Reaſon why the — „and 
ou bo — the Duct is once full) till its Surface — 
+ _ e the Air preſſing againſt it as it runs out —_ 
and o upon its Surface in the Cavity, keeps the D 8 
25 'ong as the Water in the Cavity is high —_ 
ts Orifice at I. 0 


See more on this Subject i ; 
jet in Philoſoph. T 
* 424. Hiſtoire de FAcad. 3 = 12 
nini ella Natura de Fiumi. Dale's Hiſtor | of Fe: Ws, » 
Ro 5 Hydroſtatics. Nieuwentyt Contempt. * 3 
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DISSERTATION Iv. 
Of the Barometer. 


N treating of the Properties of the Ait 
(Chap. III.) I have already taken Notice 
of the Conſtru&ion of the common Barome- 
ter ; and proved, that the Aſcent and Suſ- 
penſion of the Mercury therein, is owing to 
the Preſſure ® of the Air. I proceed now to 
more particular Inquiry into the Original, 
and Uſe of this Inſtrument; and the diffe- 
ent Forms under which it has appeared, ſince 
the Time of its Inventor Torricelli. 


In 


Jo fay the Aſcent and Suſpenſion of the Mercury is owing 
v the Preſſure and Elafticity ofthe Air, as is commonly done, is 
mecurate. The Variation, indeed, in the Height of the Mercury, 
xy be aſcribed to the Elaſticity of the Air, but no otherwiſe, 
than as to its remote Cauſe 3 wiz. as it occaſions an Alteration in 
te Quantity of Air, N over the Place where the Varis- 
mn happens; Which alters its 2 and fo the Mercury is 
wportionably raiſed or depreſſed. Jo illuftrate this, let it be 
lppoſed; chat the Alr is every where in ZEquilibrio, quite round 
de Globe, and at perfect Reſt; and then, that its Elaſticity, in 
me one Place neaf the Surface of the Earth, is augmented by the 
lat of the Sun, all tHe reſt of it remaining as before. The Con- 
quence of this will be, that the ſuperior Part of the Atmoſphere, 
wer this Place, will be raiſed higher by the Expanfion of the 
ferior Air; and therefore, being unconfined, will ſpread itſelf, 
ery Way, over the neighbouring Columns, which we ſuppoſe 
retain their former State. The Quantity of Matter therefore 
thoſe Columns of Air, in whoſe lower Parts its Elaſticity 
« increaſed, will be 3 and that of the neighbouring 
ones 
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In the Beginning of the laſt Century it wal, 
a prevailing Opinion among Philoſophers, tha ot 
the Univerſe was full of Matter; and that N.. 
ture (as they expreſſed it) abhorred a Vac. 
um: Accordingly they imagined, that if 
Fluid was ſucked up a Pipe with a ſufficient 
Force, it would riſe to any Height whatever, 
ſince Nature would not ſuffer any Part of thy 
Pipe to be empty. Galileo, who flouril 
ed about that Time, found upon Trial, thi 
the common Pump would not raiſe Wate 
unleſs the Sucker reached within three ani 


thirty Feet of its Surface in the Well +: Fron ho 
le ' | FA hene — 


* t 
ones „ A Barometer therefore placed in thoſe Region 
where the Air was rarefied, will ſubſide ; while one in the neigh 
bouring Countries will aſcend ; and they will continue at differe 
Heights, till the denſer Air, ruſhing in upon the rarefied, reſtore 
the Aquilibrium.- Thus we ſee, the Variation of the Air's El 
ticity is not the immediate Cauſe of the Variation in the Hrn 
ter; it firſt affects the Weight of the Air, by altering the Qua 
tity incumbent over any Place, and that affects the Baromete 
But, if we may have Recourſe to remote Cauſes, we may, if i 
pleaſe, go one Step farther ; and ſay, the Aſcent and Suſpeuft 


of the Mercury is owing to the Heat of the Sun; for, by M uw] 
foregoing Inſtance, a Variation in the Heat of the Sun m dat, 
ſometimes be the Occaſion of a Variation in the Height of H op. 
Mercury. t for 


Neither is the Suſpenſion of the Mercury, in a Tube, tht 
kept within Doors, to be aſcribed to the Elallicity of the Air; WMerc 
that exerts no Force, but as the internal Air is preſſed by the ext no 
nal, which endeavours to get in, where-ever it can find a Way. Who th; 


it as 

+ It is a common Notion, that a ſucking Pump will not rat be 
Water above thirty-three Feet, whereas it will raiſe it 9 , Ne 
Height whatever, if the Sucker reaches within thirty-three Feet ¶ con o 
the Surface of the Water; as will be evident to any one that co ſe o 
ders the Structure of the Pump: Tor all the Water, which fue Q 


on 
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t wal hence he judiciouſly inferred, that a Column 
wa ot Water thirty-three Feet high was a Cbun- 
t N terpoiſe to a Column of Air of an equal Baſe, 
Vac uhoſe Height extended to the Top of the At- 
: "F moſphere ; and that, for this Reaſon, the Wa- 
en ter would not follow the Sucker any farther. 
Vrricelli, obſerving this, took the Hint; and 
confidered, that, if a Column of Water of 
about thirty-three Feet was equal in Weight 
to a Column of Air of the ſame Baſe 8; a 

Co- 


ence paſſed through the Valve in the Sucker, is ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 
wgether with the Water between that and another placed in the 
Pump below; is ſupported by that other ; ſo that the Height of 
Region the Water above the Sucker can be no Impediment to the riſing 
vl of the Water below the Sucker, whatever the Length of the 
Column, which it forms, may be. The placing one Pump 
thove another, where Water is to be raiſed from 75 Depths, 
b rather for Strength and Conveniency, than out of Neceſſity, 


perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed. to have an equal Baſe with the 
kſpended Column in the Tube; whereas, in Reality, its Baſe is 
qual to the Surface of th-, ſtagnant Mercury ? The Reaſon is, 
that, -as the Baſe of the Column of Air increaſes, in the ſame 
vt of U Proportion the Velocity, wherewith it deſcends, decreaſes, when 
i forces down the Surface of the Mercury in the Baſon ; conſe- 
Ce, that quently its Moment, or Preſſure upon the Surface of the epa 
Air z Vercury (fo far as it relates to the ſuſpending of it in the Tube) 
the eren do greater, than it would have been, had its Baſe been equal 
; Way. Who that of the ſuſpended Column ; and therefore, in on" 
MW" = ſuſpending a Flaid in a Tube, it is properly enough ſai 

not ra d be a Column of ſuch a Baſe. 
it 10 Neither is this 'Suppoſition inconfiſtent with the ninth Propoſi- 
ree Fett ¶ ton of the firſt Chapter, where it is demonſtrated, that the Preſ. 
that coe of a Fluid is in Propprzion to its perpendicular Height, and 
y hich ue Quantity of Surface, againſt which it preſſes. For, as the 
ongoufice of the Mercury may be conſidered as a Baſe on which the 
M 2 Calamn 
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Column of Mercury, no longer than about 


twenty-nine Inches and a half, would be ſo too; 
ſuch a Column of Mercury being as heavy, 2 
thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the ne 
Manner laid down, Chap. III. $. 4.) and 
found it to ſucceed . The Apparatus he made f 
| Uk t: 
1 
Column of Air reſts, fo the Baſe of the Column of Air may he © 
conſider d as a Surface againſt which the Mercury preſſes. Thee ind 
two being equal, tis clear, that only the Relation of the Heigu for 
of the Columns are to be conſidered, and not that of their Baſe, ;n 
: othe 
t Notwithſtanding this clear Proof of the Preſſure of the A. 
moſphere, the Aſſertors of a Plenum would by no Meam EH #7 
prevailed upon to allow it to be ſuch ; but tried all Ways oi 2 
account for this Phenomenon from ſome other Cauſe. /The mah Fin 
chimetical Solution, and which at the ſame Time gave the u #9 
verſe Party the greateſt Difficulty to overthrow it, was that e n 
Linus. He contended, that in the vpper Part of the Tube, tber 44 
is a Film, or Rope of Mercury, extended thro' the ſeeming V+ =? 
cuity, and that the reſt was ſuſpended by it, and kept from falling l 
into the Baſon F and that this Film is able to ſupport abo dat, 
twenty-nine Inches of Mercury. He confirms his Hypothefs M 0 
the following Experiment: Take, ſays he, a ſmall Tube, o ! ub: 
at both Ends, ſuppoſ about twenty Inches long; fill this Tube Tabe 
with Mercury, ſtopping the lower Orifiee with your Thumb found 
Then cloſing the upper with your Finger, and immerging er 
lower in ſtagnant Mercury, you ſhall perceive, upon the Re 
moval of your Thumb, a manifeſt Suction of your Finger into tb vl 
Tube; and the Yube and Mercury will both ſtick ſo cloſe to H = 
that you may cachy them about the Room. Therefore, mW * 0 
he, the internal Cylinder of Mercoty in the Tube is not hd de 7: 
np by the prepbndetant Air without; for if ſo, whence come the 
fo ftrong a Saftion, and ſo firm an Adhefion of the Tube . I. 
your Finger ? eig 
Or if you fili the ſame Tube almoſt full of Mercury, leaving — | 
tra 


little Space of Air within, and then immerge it in the ſtagn: 
Mercury, you will find, that, notwithſtanding its Surface 1s Fhole 
ſome Diftance from your Finger, there will be a conſiderabſe 509 
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Uſe of, is now the common Barometer, or 
Weather Glaſs *. 


The Mercury ſtanding at a leſs Height, the 
nearer it is carried to the Top of the Atmoſphere, 


tion of it, as before. From hence he infers, that the Finger ſup- 
ports the Mercury, by Means of the abovementioned Film, and 
int the Preſſure of the Atmoſphere is not concerned. 

But, when it was found, that the Mercury would not ſtand 
ſo high in the Tube, on the Top of a Mountain, as below; 
and would quite fall, when the circumambient Air was extracted 
fom it by the Pump, all Objections vaniſhed ; and Linus's fu- 
cular Hypotheſis (as it was called) though it ſeemed to ſolve all 
uber Phenomena relating to the Suſpenſion of the Mercury, was 
vit Juſtice rejected. 

Kircher, when this new Doctrine of a Vacuum was firſt advan- 
ed at Rome, contended, that the Authors of it were eſtablithing 
Principles not only repugnant to thoſe of Nature, but ſuch as 
would be prejudicial to the Orthodox Faith; as endeayouring to, 
eince by this ſubtle Experiment, that there might be in Nature 
heatum fine loco, accidentia fine ſubjefo, and therefore made the 
Experiment with Water, in the following Manner. He cauſed a 
ſmall Bell to be fixed in the upper Part of the Tube, imagining, 
that, if there ſhould be a Vacuum, the Bell would not be —_ 
ſound : But in making the Experiment, ſome Air got into the. 
Tube (for he tells us, that but ten Feet of Water remained in the 
Taube, after it was inverted) the Bell therefore was heard to 
found ; and-ſo the Notion of a Vacuum, till more accurate Ex pe- 
nments evinced the contrary, was exploded with Contempt. 


* Huygens obſerved, that, if a Tube ſeventy-five Inches long, 
was filled with Mercury well purged of its Air, the whole Quan: 
uty of Mercury would remain ſuſpended ; whereas, according to 
the Torricellian Experiment, the Mercury ought to have ſubſided 
b the Height of about twenty-nine Inches. 

The Caule of this Phenomena ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was preſſed into ſa 
doſe Contact with the Glaſs in pouring in, that by the. mutual 
Attraction of Coheſion between the Mercury and the Glals, the: 
vhole Column was ſuſtained, after the Tube was inverted. 


M 3 (Chap. 
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(Chap. III. §. 7.) renders it uſeful in determin- 
ing the Height of Mountains; and finding out | 4 
the different Elevation of one Place above ano. N. 5 
ther. Accordingly, Dr. Halley has given us ail. ; 
Table for that Purpoſe, in the Philoſophical . p 
Tranſactions N'. 181, ſhewing how many Feet « 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Topof a Moun- 
tain, or other elevated Place. And Dr. Netten c 
has done the like in the Philoſophical Tranſac- . 0 
tions Ne. 388, ſhewing what Number of Fer « 
anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty-one Inches of Mercury. 

But the principal Uſe of it is, to eſtimate « 
the Gravity of the Air at different Times, in: , 
Order to foreſee the Alterations of the Wer- n 
ther, which are conſequent thereon. To tho 
End, Dr. Halley in the fame Tranſaction has 41 
alſo laid down the more remarkable Plæm- . ar 
mena, relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and 6 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than tc 
render it imperfect, by endeavouring to vaty 
from it, or abridge it. 


- = 

1. In calm Weather, when the Air is in- 

*« clined to Rain, the Mercury is commoniy: 
* low, 

ay cc 4. l; 


Diſſert. IV. Of the Barometer. 89 


« 2, In ſerene, good, and ſettled Weather, 
the Mercury is generally high. 

« 4, Upon very great Winds, though they 
be not accompanied with Rain, the Mercury 


Us a finks loweſt of all, with Relation to the 
hical point of the Compaſs the Wind blows upon. 
Feet 4. Cæteris paribus, the greateſt Heights 
an- 


of the Mercury are found upon eaſterly and 
* north-eaſterly Winds. 
* 5, In calm froſty Weather, the Mercury 
- generally ſtands high. 


Feu « 6. After very great Storms of Wind, 
fon when the Mercury has been low, it gene- 
. ally riſes again very faſt. 


«7. The more northerly Places have greater 
ug Alterations of the Barometer, than the 
more ſoutherly. 

g. Within the Tropics, and near them, 
* thoſe Accounts we have had from others, 
and my own Obſervations at St. Helena, 
" make very little or no Variation of the 
Height of the Mercury in all Weathers. 

* Hence I conceive that the principal Cauſe 
* of the Riſe and Fall of the Mercury, is from 
the variable Winds, which are found in the 
" temperate Zone, and whoſe great Uncon- 
* ſtancy, here in England, is moſt notorious. 

A ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapours lodging in 
10 the Air, whereby it comes to be at one Time 
oni much more crouded than at another, and 
M 4 con- 
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« conſequently heavier, but this latter in a greats fe 
« Meaſure depends upon the former. Now, iſs e. 
© from theſe Principles, I ſhall endeavour u 
tc explicate the ſeveral Phenomena of the B. 
« rometer, taking them in the ſame Order i; 
« laid them down. Thus, « jr 

« 1, The Mercury's being low inclines i b 
& to rain, becauſe, the Air being light, the a 
« Vapours are no longer ſupported thereby,* © 
being become ſpecifically heavier than the E 
ce Medium wherein they floated, ſo that they t! 
te deſcend towards the Earth, and in their Fal t 
ce meeting with other aqueous Particles, theyM* t! 
e incorporate together, and form little Drops 
*« of Rain; but the Mercury's being at on: 
« Time lower than at another, is the Effect d 
&« two contrary Winds blowing from the Plac 
© where the Barometer ſtands ; whereby the g 
« Air of that Place is carried both Ways from 
ce jt, and, conſequently, the incumbent Cyling* tl 
« der of Air is diminiſhed, and accordingly th ot 


« Mercury ſinks: As for Inſtance, if in th E 
« German Ocean it ſhould blow a Gale on 
* weſterly Wind, and at the fame Time an" ſt 
« eaſterly Wind in the 1 Sea; or if iu 
e France it ſhould blow a northerly Wind fa 
« and in Scotland a ſoutherly ; it muſt bf. fi 
de granted, that that Part of the AtmoſphereW* ſa 
© jimpendant over England, would thereby bal" ſa 


* exhauſted and attenuated, and the Mercur 
** would ſubſide, and the Vapours, which be 


* for 
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& fore floated in thoſe Parts of the Air of 
equal Gravity with themſelves, would fink 


91 


to the Earth. 

« 2, The greater Height of the Barometer 
« js occaſioned by two contrary Winds blow- 
ing towards the Place of Obſervation, where- 
by the Air of other Places is brought thither 
and accumulated; ſo that the incumbent 
« Cylinder of Air, being encreaſed both in 
„Height and Weight, the Mercury preſſed 
thereby muſt needs ſtand high, as long as 
« the Winds continue ſo to blow ; and then 
the Air being ſpecifically heavier, the Va- 
N po are better kept ſuſpended, ſo that they 
have no Inclination to precipitate and fall 
© down in Drops, which is the Reaſon of the 
„ ſerene good Weather which attends the 
« oreater Heights of the Mercury. 

« 3. The Mercury ſinks the loweſt of all by 
the very rapid Motion of the Air in Storms 
«of Wind. For the Tract or Region of the 
* Earth's Surface, wherein the Winds rage, 
not extending all round the Globe, that 
" ſtagnant Air which is left behind, as like- 
" wiſe that on the Sides, cannot come in ſo 
" faſt as to ſupply the Evacuation made by fo 
ſwift a Current, ſo that the Air muſt neceſ- 
* farily be attenuated, when and where the 
* faid Winds continue to blow, and that more 
wor leſs, according to their Violence: add 
to which, that the horizontal Motion of the 

0 Ait 
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« Air being ſo quick as it is, may, in all Pro- 
<« bability, take off ſome Part of the perpendi. 
« cular Preſſure thereof; and the great Agi. 
« tation of its Particles is the Reaſon why the 
« Vapours are diffipated, and do not condenſ 7 
« into Drops, ſo as to form Rain, otherwiſe 
the natural Conſequence of the Air's Rare. \, 
« faction F. s ap 
* 4. The Mercury ſtands the higheſt upo "4 
« the eaſterly and north-eaſterly Wind, be. 
« cauſe in the great Atlantic Ocean, on this 
« Side the thirty-fifth Degree of north Lai. 
« tude, the Winds are almoſt always weſter. 
ly or ſouth-weſterly ; ſo that, whenever 
« here the Wind comes up at eaſt and north. 
« eaſt, 'tis ſure to be checked by a contrar 
« Gale as ſoon as it reaches the Ocean ; where- 


* 


N x blo 
e fore, according to what is made out in ou 2 
« ſecond Remark, the Air muſt needs be bea 5 
+ The Reaſon the Doctor aſſigns for the finking of the Mer wh 
cury the loweſt of all in violent Storms of Wind, ſeems not ſu-. ſub 
ficient. Perhaps it may be better accounted for thus ; the Cu 
why the Wind blows at all, is in order to reſtore the /Zquilibris 
of the Atmoſphere, when loſt (as may be inferred from what: my 
ſaid in the firſt Note of this, and will be more largely explained ii hit 
the following Diſſertation ;) it therefore always blows toward cut 
that Point, where the Air is moſt rarefied and lighteſt. Nowth . 
Air, in its Progreſs to that Point, muſt certainly move faſter ar ly 
faſter ; for the Cauſe, which gave it Motion at firſt, continues . cur 
act upon it all the Way. Conſequently, in whatever Place tha, F 
Wind blows with great Rapidity, that Place is at, or near th O 
Point, where the Air is moſt rarefied, and lighteſt ; which is , Cai 


ſumcient Reaſon for the Mercury's ſtanding low at that Place. 
cc ec 
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"W 4 over this Iſland, and conſequently the 
uercury muſt ſtand high, as often as theſe 
Ai Winds blow. This holds true in this Coun- 
„but is not à general Rule for others, 
ene © . a . 
where the Winds are under different Cir- 
cumſtances ; and I have ſometimes ſeen the 
Mercury here as low as twenty-nine Inches 
upon an eaſterly Wind, but then it blew ex- 
oa cceding bard, and fo comes to be accounted 


* ſor, by what was obſerved upon the third 
"mark. | | 


« 5, In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as I con- 
ceive) it feldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 
Quarters ; or, at leaſt, unleſs thofe Winds 
blow at no great Diſtance off: For the 
north Parts of Germany, Denmark, Swe- 
den, Norway, and all that Tract from 
whence north-eaſtern Winds come, are 
* ſubjet to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 
much condenfed, and in that State is brought 
' itherwards by thoſe Winds, and being ac- 
* cumulated by the Oppoſition of the weſter- 
'ly Wind blowing in the Ocean, the Mer- 
cury muſt needs be prefled to a more than 
ordinary Height; and, as a concurring 
* Cauſe, the ſhrinking of the lower Parts of 
„dhe Air into leſſer Room by Cold, muſt 
« needs 


9 
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© needs cauſe a Deſcent of the upper Parts of 


the Atmoſphere, to reduce the Cavity mad: 


ce by this Contraction to an Ægquilibrium. « 0 
«* 6. After great Storms, when the Mer /; 
© cury has been very low, it generally riſe t 
<« again very faſt: I once obſerved it to ris c 
** one Inch and a half in leſs than fix Houn i: 
e after a long continued Storm of ſouth- wen 
« Wind. The Reaſon is, becauſe the Air bee. 
« ing very much rarefied, by the great EA! 
© cuations which ſuch continued Storms mak (C 
« thereof, the neighbouring Air runs in it 
« more ſwiftly, to bring it to an Æquilibri < 
« um; as we ſee Water runs the faſter fol m 
„having a greater Declivity. be 
6. The Variations are greater in the mo or 
* northerly Places, as at Stockbolm, great co 
« than that at Paris (compar'd by M. Pe 
* chal;) becauſe the more northerly Pat M 
ce have uſually greater Storms of Wind tha ent 
* the more ſoutherly, whereby the Mercu der 
« ſhould ſink lower in that Extream ; an ht 
ce then the northerly Winds bringing the mo a 
« denſe and ponderous Air from the Neig ber 
*© bourhood of the Pole, and that again beinſiſume 
checked by a ſoutherly Wind at no greaiftie v 
«© Diſtance, and ſo heaped, muſt of Neceflitef C 
© make the Mercury in ſuch Caſe ſtand highqſte A 
in the other Extream. 
See 


« 8, Laſt 


Diſſert. V. Of the Barometer. 95 


« 8, Laſtly, this Remark, That there is lit- 
dle or no Variation near the Egquinoctial, 
does above all others confirm the Hypotbe- 
n of the variable Winds being the Cauſe of 
« theſe Variations of the Height of the Mer- 
# cury ; for, in the Places above-named,; there 
is always an eaſy Gale of Wind blowing 
nearly upon the ſame Point, vi. eaſt-north- 
eaſt at Barbadbes, and eaſt-ſouth-eaſt at St. 
Helena *, ſo that, there being no contrary 
Currents of Air to exhauſt or accumulate 
it, the Atmoſphere continues much in the 
fame State: However, upon Hurricanes (the 
moſt violent of Storms) the Mercury has 
been obſerved very low, but this is but 
once in two or three Years; and it ſoon re- 
covers its ſettled State, about 29 5 Inches.“ 


Monſieur Leibnitz accounted for the De- 
ent of the Mercury before Rain, upon an- 
ther Principle +, vig. as a Body ſpecifically 
ter than a Fluid, while it is ſuſpended by 
adds more Weight to that Fluid, than 
hen, by being reduced in its Bulk, it be- 
mes ſpecifically heavier, and deſcends ; fo 
Ie Vapour, after it is reduced into the Form 
Clouds, and deſcends, adds leſs Weight to 
e Air, than before; and therefore the Mer- 


* See the Cauſe of this aſſigned in the following Diſſertation. 


aſt] 


f Memoir, de l' Acad. 1711. 


cury 
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cury falls. To which it is anſwered, | 
That, when a Body deſcends ina Fluid, its Me 
tion, in a very little Time, becomes unifor 
(or neatly ſo) a farther Acceleration of it be 
ing prevented by the Reſiſtance of the Fluit 
and then, by the third Law of Nature, it pre 
ſes the Fluid downwards, with a Force equ 
to that whereby it tends to be farther accel: 


rated, that is, with a Force equal to its why 4 
Weight. 2dly. The Mercury, by its Deſcenil, 
foretells Rain a much longer Time befor: Will, © 
comes, than the Vapour, after it is condenſ 
into Clouds, can be ſuppoſed to take up i 9 
falling. 3dly. Suppoſing that as many . 
pours as fall in Rain, during the Space of 
whole Year, were at once to be condeniol. 
into Clouds, and even quite ceaſe to gravitail, i 
upon the Air, its Gravity would ſcarce bed " 


miniſhed thereby, ſo much as is equiva. 1 
to the Deſcent of two Inches of Mercuty 
the Barometer. Farther, in many Places bf 
tween the Tropics, the Rains fall at cem 
Seaſons, in very great Quantifies &, and yet i. 
Barometer ſhews there very little or no AH. c 
ration in the Weight of the Air. 1 
The following are Mr. Patrick's Obiern 
tions on the riſing and falling of the Mereu 
They are very juſt, and are to be account. ch 


* See Diſlertation-the VIth. | " ba 
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for the ſame Principles with thoſe of Dr. 
Fly. 


« x, The riſing of the Mercury preſages in 
Fgegeral fair Weather; and its falling, foul 
Weather; as Rain, Snow, high Winds and 


t pre 8 

* Storms. | 

fs. *2, In very hot Weather, the falling of 
wich © Mercury foreſhews Thunder. 

ſer. . In Winter the riſing preſages Froft ; 
(42d in froſty Weather, if the Mercury falls 


# three or four Diviſions, there will certain- 
% follow a Thaw. But in a continued 


* Froſt, if the Mercury riſes, it will certain- 
now. 

gend 4. When foul Weather happens ſoon after 
win be falling of the Mercury, expect but little 
deaf it. And, on the contrary, expect but 


" little fair Weather, when it proves fair 
' ſhortly after the Mercury has riſen. 


5 F. In foul Weather, when the Mercury 
em dies much and high, and ſo continues for 
jet t two or three Days before the foul Weather 
Al” quite over, then expect a Continuance of 


fair Weather to follow. 
*6. In fair Weather, when the Mercury 


f(erv! 
eur bills much and low, and thus continues for 
un} wo or three Days before the Rain comes; 


* then expect a great deal of wet, and pro- 
" bably high Winds. 


e 7. The 
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wal; The unſettled Motion of the Mercy 
© denotes uncertain and changeable Weather A 
« 8, You are not ſo ſtrictly to obſerve the vel 
« Words engraved on the Plates (though, fx - 


* the moſt Part, it will agree with them) x 
©« the Mercury's Rifing and Falling: For! 
© it ſtands at Much Rain, and then riſes yy 


© to Changeable, it preſages fair Weather, al. , 
te though not to continue ſo long, as it woulf 51 
* have done, if the Mercury were higher: 4 
« And ſo on the contrary, if the Mercafil. 
% ſtood at Fair, and falls to Changeabls, it A 
c preſages foul Weather; though not ſo mud. v 
© of it, as if it had ſunk down lower.“ 12 
From theſe Obſervations, it appears, Thut * 
it is not ſo much the Height of the Meru. + 
in the Tube, that indicates the Weather, as tht 3 
Motion of it up and down; wherefore in OMA 


der to paſs a right Judgment of what Weathe 
is to be expected, we ought to know, W + 
ther the Mercury is actually Ring or Falling | 
to which End, the following Rules are 0 
Uſe, 


1. If the Surface of the Mercury is conver 
ſtanding higher in the Middle of the Tub 
than at the Sides, it is generally a Sign thi 
the Mercury is then tiſing. 


2. If the Surface is concave, or hollow! 
the Middle, it is finking. And, 


3. 
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3. If it is plain, the Mercury is ſtationary, 
uu or rather, if it is a little convex ; for Mercury 
being put into a Glaſs Tube, eſpecially a ſmall 
the one, will naturally have its Surface a little con- 
rex; becauſe the Particles of Mercury attract 
each other more forcibly than they are attract- 
ed by Glaſs. Further, 

4. If the Glaſs is ſmall, ſhake the Tube; 
ind if the Air is grown heavier, the Mercur 
will riſe about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
t will fink as much. This proceeds from the 
Mercury's ſticking to the Sides. of the Tube, 
which prevents the free Motion of it, till it is 
liengaged by the Shock. And therefore, when 
in Obſervation is to be made with ſuch a Tube, 
tought always to be ſhaken firſt ; for ſome- 
imes the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
licated, is preſent, | | 


The, Uſefulneſs. of knowing whether the 
Mercury is actually riſing or falling, and the 
Advantage that would ariſe from perceiving 
he moſt minute Variations in eſtimating the 
eights of Places, have given Occaſion to the 
vention of ſeveral Kinds of Barometers differ- 
nt from the Torricellian, though founded on 
ie fame Principle; wherein the Scale of Vari- 
ton, which in that is not above three Inches, 


N - ſhould 
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ſhould be conſiderably larger. Of which I an 


now to give ſome Account. 

1. The firſt is that of Des Cartes, which wa; 
made in the Form exprefſed, Fig. 28. where 
A B is a Tube hermetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnan 
Mercury E F, and filled with the ſame Fluid 
to G, from thence to H with Water, and emp. 
ty from thence to the Top. Now, when the 
Mercury riſes in this Tube, ſuppoſe from G er 
L, the Water will be raiſed in the ſmall Tube, 511 

rhaps from H to M, viz. as many Times app 
further, as the Tube CA is ſmaller than CDi gor 
by which Means the Variations become much 
more ſenſible, than they are in the common 
Barometer. The Inconvenience of this wa, 
that the Air, included in the Water, getting 
looſe by Degrees, filled the void Space at the 
Top, and ſo ſpoiled the Machine. 

2. He then contrived it thus, ABC (Fig. 29 
is a bent Tube hermetically ſealed at A, filled 
with Water from F to D (tinged with An 
Reg1a to prevent is freezing) from D to E wit 
Mercury, and empty from thence to the Top 
Then, upon the Mercury's riſing, ſuppoſe fro 


| 
A Tube is ſaid to be hermetically ſealed, when the End hf 
cloſed, that nothing can poſſibly evaporate through it, And, | 
cauſe this is beſt done, when it is cloſed up with its own SubWnult | 
ſtance ; or when its Bore does not reach quite to the End of it, | 
is then ſaid to be hermetically ſealed. 


E tc 


k 
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am E to M, and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
wal farther than the Surface of the Mercury at D, 
here as the Tube CG was ſmaller than GH. The 
and Water here is liable to evaporate, though that 
ant may, in ſome Meaſure, be prevented, by pour- 
lu ing a few Drops of Oil of ſweet Almonds 
mp. upon it. Others have contrived, 
the z. The Horizontal or Rectangular Barome- 
5 oer (Fig. 30.) hermetically ſealed at A, and 
ube, BY fled with Mercury from D to E; then, as the 
ma upper Surface of it riſes in the Tube, ſuppoſe 
D;Wfom E to F, the lower will be driven from D 
wait G, as many Times farther, as this Part of 
moi che Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
of from the reſt in the Leg BC, and are left 
behind. This Inconvenience is remedied in, 
4. The Diagonal Barometer ABC (Fg. 31.) 
rherein the Mercury, inſtead of riſing from B 
bD (ſuppoſe that Space to correſpond to the 
ale of Variation in a ſtrait Tube) will riſe 
rom B to A; for it will always ſtand at the 
ame perpendicular Height, whatever be the 
Inclination of the Tube ; becauſe Fluids preſs 
ly according to their perpendicular Alti- 
Wude *. But AB the upper Part of the Tube 
uſt not be too much inclined, leſt the Mer- 
of 1, fury break in it, as in the former. 


Chapter I. 5. 9. 
N 2 5. AB 
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5. AB (Fig. 32.) is Dr. Rook's Wheel. - 
Barometer, wherein ABD is a Tube filled 
with Mercury from à to E; aà is an Iron Ball 6 
ſwimming on the Surface of the Mercury; th f 
as it ſubſides with the Surface of the Mercury, 
draws the little Wheel m round, to whoſe 0 
Circumference it is fixed by Means of the rn 
String 2c: This Wheel carries the Inder 
P'Q, which points to the graduated Edge d Fl | 
the Circle KL, and by its Motion ſhews the 1 
moſt minute Variations of the Mercury. When 90 
the Ball à is raiſed by the Mercury on which h 


it ſwims, the Index is drawn the contrary 
Way by a leſſer Ball &, which hangs on te. 
on the other Side the Wheel. The Friction 7 
in this Machine, unleſs it be made with gf 
Accuracy indeed, renders it uſeleſs, : Ul 

6. The pendant Barometer is another Con- F 
trivance to render the Variations more ſenſible, 
It conſiſts of a ſmall conical Tube, (repreſent 
ed Fig. 33.) hermetically ſealed at A, and fille 
with Mercury from C to D, and empty fran 
thence to A. Now, ſuppoſing the Gravity 
the Air encreaſed, it will raiſe the Mercu 


higher in the Tube, and ſo force it into a nat * 
rower Part; by which Means the Column be War 


coming longer, its perpendicular Preſſure upon 
the Air below will be proportionably encreaſed 


The Tube is ſmaller at à than at E, that the greateſt Vara 
tion may be at that Surface of the Mercury on which the! 
reits. ; 

Or 
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— On the contrary, when the Air becomes light- 
* er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 
ur, Inconvenience that attends this Barometer, is 
bole WF that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 
cr apt to get into it, and divide the Column in 


' . ſeveral Places; and when the Tube is very 
* ſmall, the Friction of the Mercury againſt the 
yr Sides of it, will hinder it from riſing and fall- 


ing freely. 

7. Dr. Hock, obſerving how unfit the com- 
mon Barometer was- to be uſed on Board of 
0 Ship, by Reaſon its Poſition ought to be ſteady, 
Seu contrived the following one, called, from its 
Uſe, a Marine Barometer, conſiſting of two 
Parts, the one AB (Fg. 34.) the common 
opirit Thermometer, the other CD, a Tube fil- 
kd with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
mmerged in the ſame Fluid contained in the 
Veſſel GF; and having its Surface expoſed to 
the Preſſure of the external Air. Now, the laſt 
of theſe Machines will be affected both by the 
Warmth of the external Air, and alſo by its 
Preflure : The former dilating the Air includ- 
d in CE, and by that Means driving the Wa- 
er downwards; the latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, is 
ilefted by the Warmth of the Air alone. Con- 
N 3 ſequently, 
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ſequently, were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex. 
ternal Air ſhould always remain the fame it 


was when the Inſtruments were made, their Ml ti 
Variations (then only dependingon its Warmth) the 
ſhould exactly correſpond with each other; N 
that is, when the Spirit in the Tube az 
ſhould aſcend to 1, the Water in CD ſhould I! 
deſcend to 1, &c. Then, whenever their Va- WM: 
riations ſhould be obſerved to differ from each c 
other, the Difference could only be aſcribed WW" * 
to ſome Alteration in the Preſſure of the Air Mc 
upon the Surface of the Water in the Veſt! . 
GF. In Proportion therefore as the Diffe. 
rence is greater, or leſs, ſo is the Alteration in WW" 
the Gravity of the Air, from what it was when fe 
the Inſtruments were adjuſted. For Inſtance, I! 
when the Water ſtands above the Diviſion, t 
which correſponds to that, which the Spirit ne 
points to in the other Machine, it is an Indi- it 
cation, that the Preſſure of the Air is greater T 
at that Time, than when the Inſtruments [P, 
were graduated, and vice verſd. n 

N 

if th 


This Machine is nat only more uſeful at" 
Sea, than the common one, as not requiring unt 
a ſteady Poſition ; but may have its Scale ol 
Variation conſiderably enlarged, by making 
the Bore of the Tube CD very ſmall, in Prog 
portion to the Capacity of its Head C. ce1\ 
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But it is obſerved, that, in long keeping the 
nſtrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 
the Water ſtands higher than it ought, and 
therefore indicates the Gravity of the Air to 
te greater than what it is. 

In the Philoſophical Tranſactions, Ne. 427. 
| have given an Account of a. Barometer, 
herein the Scale of Variation may be en- 
ceaſed ad Infinitum. The Deſcription of it 
$as follows: ABCD (Fig. 35.) is a cylin- 
tical Veſſel, filled with a Fluid to the Height 
W, in which is immerged the Barometer 
V, confiſting of the following Parts: The 
wncipal of which is a Glaſs Tube TP, (re- 
reſented ſeparately at ?) whoſe upper End 
I is hermetically ſealed : This End does 
wt appear to the Eye, being received into 
be lower End of a Tin Pipe G H, which 
n its other End G receives a cylindrical Rod, 
Tube ST, and thereby fixes it to the Tube 
[P. This Rod ST may be taken off, in 
nder to put in its ſtead a larger, or leſſer, 


s Occafion requires. S is a Star at the Top 
if the Rod ST, and ſerves as an Index, by 
vinting to the graduated Scale L A, which is 
ned to the Cover of the Veſſel A BCD. 
IN is a large cylindrical Tube made of 


in (repreſented ſeparately at mn) which 


receives in its Cavity the ſmaller Part of 


e Tube TP, and is well cemented to it 
N 4 at 
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at both Ends, that none of the Fluid may get 
in. 

The Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
be ſo poized, as to float in the Liquor con- 
tained in the Veſſel ABCD, and then the 
whole Machine will riſe, when the Atmo- 
ſphere becomes lighter, and vice ver/d. 

I ſhall here add a Computation, in order to 
ſhew the Poſſibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal the 
Reafon why it may be ſo. Thoſe who would 
ſee a Mathematical Proof of it, may condulf 
the Note below “. N 
Let 

| 

Let the ſpecific Gravity of Quickſilver be to that of Water 
or to the Liquor the Barometer floats in, as 3 to 1 ; and if it 
propoſed, that the Variations in this compound Barometer * 
be to the contemporary Variations of the common Barometer ii 


the given Ratio of z to 1, this Effect will be obtained, by making 
the Diameter of the Rod ST to the Diameter of the Cavity of the 


1 . 
Tube HI, as 4/ 


to 1, which may be thus demonſtrates 


ns | 

Let us ſuppoſe, that the Variation in the Height of the Quick 
filver in the common Barometer, which we will call , is ſuch 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum XTF 
in order to which, a cabic Inch of Quickſilver muſt riſe frol 
the Veſlel V; that is, the Surface P muſt ſubſide ſo far, that 
cubic Inch of Water (if that be the Fluid made Uſe of) 
enter the Veſſel V, by which Means the Barometer with t 
Parts annexed will be heavier by a cubic Inch of the Fluid. 


No 


— [Uüiô—c. 
— 


fert it 2 
_—_ 1 
30 2 


co 
© 
POM» 
G9 
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Let it be ſuppoſed, that the Fluid made uſe 
of is Water, and that the given Variation in 
the Weight of the Atmoſphere is ſuch, that, 


Now this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
droftatics) till a cubic Inch of the Rod HS, immediately extant 
4ove the Surface at W, ſhall come under it; but the Length of 
ch a Magnitude of HS will exceed the Length of an equal Mag- 
jtude of Quickſilver in the larger Tube X. as many Times as the 
Square of the Diameter at X exceeds the Square of the Diameter 
H (the Lengrhs of equal Cylinders being reciprocal to their 
Riſes.) That is, the perpendicular Deſcent of the compound Ba- 
nmeter will be to v, the perpendicular Aſcent of the Mercury 
in the common Barometer, as 4 to 1 (ſuppoſing this the Ratio 
of their Baſes) and contequently will be equal to dw, 

Bat, by this Deſcent, the Diſtance PW, between the Surface of 
the ſtagnant Quickfilver and the Top of the Fluid, will be aug- 
nented by a Column, whoſe Height is dv, the Deſcent of the 
compound Barometer ; and conſequently the Weight of the whole 
Column of the Fluid preſſing on the lower Surface of the Quick- 
der (to which the Height & is partly owing) will be encreaſed 
by a Column of that Length; and this Increaſe would produce 3 
ſecond Aſcent of the Mercury at X equal to itſelf, namely, dv, 
were the Fluid as heavy as Quickſilver ; but ſince it is ſuppoſed to 
te lighter in the Ratio of : to : „the Aſcent of the Quickſilver, 

v 
« this Account, will only be —. 


5 
But now, as in the former Caſe, when the Aſcent of the Mer- 
tary was v, the Deſcent of the compound Barometer was ſhewn 


dv 
b be do; ſo here, the Aſcent of the Mercury being —, the De- 
4 d s 
ſent of the compound Barometer will be , and the next De- 
daddy 47 v 5 
ſen , and the next ——, and ſoon to Infinity. There- 
is s 3 
fre the whole Deſcent of the compound Barometer, is to the Aſ- 
ent of the Mercury in the common Barometer, that is, 4 is to 1 
dd dad 44 3 
Bp - ＋ — . Sc. to 1, or as — to i; be- 
74 33 —4 


4 
aue, the Terms of the Series being in geometrical Proportion, 
the 
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by preſſing upon the Surface of it at W, the Sur. 
face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) than 
before ; and that the Breadth of the Cavity 
the Tube at X, and of the Baſon at P are ſuch, 
that, by this Aſcent of the Mercury, there my 
be a cubic Inch of it in the Cavity X more 
than before, and conſequently in the Baſon 
cubic Inch leſs. Now, upon this Suppoſition Mk, 
there will be a cubic Inch of Water in the Bak, 
ſon more than there was before; becauſe thy 
Water will ſucceed the Mercury to fill up it 
Place. Upon this Account the whole Mz 
chine will be render'd heavier than it was be 
fore, by the Weight of a cubic Inch of Wa 
ter, and therefore will ſink, according to th 
Laws of Hydroſtatics (Chap. II. $. 5.) till 
cubic Inch of that Part of the Rod WS, which en 


as as | ll 
the Sum of them all io. Hence we have # = , and there 
$—d —4 A. al 


fore ns = dr | an; that is, 1: C:: 111: ::— 21 
15 

and therefore, by extracting the ſquare Roots of each Term 

the Proportion, 1: / 4 (that is, the Diameter of ST to tt 


ns 
Diameter of HI) as /y——to 1.2. E. D. | 
ns ; leref 
Example 1. Putting 5 = 14 and #= 1, the Variation in ea 
Barometer will be equal, by taking the Diameter of 8 T to ti 


15 
Diameter of HI, as to 1, that is, as 30 to 29 nearly. met 
14 = * 
Example 2. If n be put infinite, the Diameter of ST will | tha 
I 7 
to the Diameter of HI, as ſ— to 1, or 1 to / 14; that 


as 1 to 3 +5 nearly. 5 
| ww 
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Sur. Nas above the Surface of the Water at W, 
InchMomes under it. Then, if we ſuppoſe this Rod 
than ſmall, that a cubic Inch of it ſhall be four- 
ty ohen Inches in Length, the whole Machine 
ſuch ill fink fourteen Inches lower into the Fluid 


my an before, and conſequently the Surface of 
moe be Mercury in the Baſon will be preſſed more 
ſon Ian it was before, by a Column of Water 
tion Whurteen Inches high. But the Preſſure of 


e Ba 


teen Inches of Water is equivalent to one 
e the 


Mercury (becauſe Water is about fourteen 


up it mes lighter than Mercury); this additional 
Maß edure therefore will make the Mercury aſ- 
as bend at X, as much as the ſuppoſed Variation 
WW the Weight of the Air did at firſt. This Aſ- 


to th 
till 
vhic b 


it will give Room for a ſecond cubic Inch of 
ater to enter the Baſon ; the Machine will 
terefore be again rendered heavier by the 
eight of ſo much Water, and accordingly 
ll ſubſide fourteen Inches farther, This will 
hon another additional Preſſure of Water, 
nich will raiſe another Inch of Mercury, and 
uke the Machine fink fourteen Inches more, 
d ſo on, without ever approaching nearer to 
Aquilibrium with the external Air: And 
terefore a Scale, anſwering to the Variation of 
us Barometer, ought ſtrictly and 28 to 
of an infinite Length; becauſe, after this Ba- 
ly. neter has ſunk or riſen thouſands of Miles 
T will that were poſſible) it would ſtill have the 
Ne Tendency to fink or riſe on, as when it 
that Wit ſet out. 

Now 
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Now, was the Rod WS ſo ſmall, that a cube * 
Inch of it ſhould be more than fourteen Inche f A 
long (the other Parts remaining as was ſup y. 
poſed above) the Variation in this BarometeeMW... 


= . | 
would be more than infinite, or negative wi my 
Reſpect to thoſe of the common Barometer 1 


The Meaning of which is, that whereas, in th 
common Barometer, the ſuſpended Column o 
Mercury, by its riſing or falling, approach *1 
nearer to an Æguilibrium with the extem 
Air, this Barometer would continually recedM.. ; 
from an Aquilibrium with it; fo that the if 
ther it ſhould move up or down, inſtead of «i 
quiring by that Means a leſs Tendency to mov -, 
on, as the Mercury in the common BarometdMl.” 
does, it would acquire a greater. 
On the contrary, when a cubic Inch of t 
Rod is leſs than fourteen Inches in Length 
the Variation will be finite ; and may be ma 
to bear any Proportion to thoſe of the comme 
Barometer whatever, as demonſtrated in t 
foregoing Note, 


While I am writing this, another Methe 
occurs to me of making a Barometer, where 
the Scale of Variation ſhall bear any Prop 
tion to that of the common one. It is thi 
Let there be a compound Tube, as ABC (Fc. 
36.) hermetically ſealed at A, and open at F 
empty from A to D, filled with Mercury fro 


thence to B, and from thence to E with | 
ten me L. 
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ter: Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water at E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite, 
otherwiſe it will be finite. See the Demon- 
tration in the Note *. 

That 


Let v denote a given Variation in the common Barometer, x 
te correſpondent Variation at E fought. Let the Ratio of to 
; expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
i; and 4 to 1, that of the Diameter of the Tube F A to FC. 
Then the Variation at E, the lower Surface of the Water, bein 
poſed x, the Variation of it at B, the upper Surface of it, wil 

* 


, and conſequently GE, the Difference of the Legs EK and 
* vary x ＋ 20 Again, the Variation of the Surface of 
be Mercury at B vt be the ſame with that of the Water in the 
ne Place, wiz. 4 and, if the Tube is of the ſame Diameter 
D, as at B, * Variation of the Surface at D will alſo be the 


* 
ſe, that is, —: The Sum of both Variations, or the Variation 


dd 2X 
H the Difference of the Legs, will therefore be —. Now the 
dd 
ure of the Mercury and Water together upon the Air at E, is 
ag to the Lengths of HD and GE; and fince one of theſe will 
ys ſhorten, when the other lengthens, the Variation in their 
ure will depend on the Variation of the Difference of their 
akte, that is, of the Difference between the Weight of a 


2* * 
ad of —. But the Weight of x + — (being the Weight of 
dd dd 
umn of Water) compared to that of a Column of Mercury of 
Xx 
* 
The Difference therefore 


71 between 


ame Length, is only 


112 07 the Barometer. Part II 


That the Variation in this Barometer my 
be infinite, will appear from the following 
Computation. 

Let the Proportion between the Bores of thi 
Tube A F and FC be ſuch, that when HD 
the Difference of the Legs wherein the Mer 
cury is contained, is augmented one Inch, GE 
the Difference of the Legs wherein the Wate 
is contained, ſhall be diminiſhed fourteen 
then, as much as the Preſſure of the Mercy 
is augmented, that of the Water will be dim 
niſhed, and ſo the Preſſure of both taken toge 
ther will remain as it was. And conſequently 
after it has began to riſe, it will always hay 
the ſame Tendency to rife on, without e 
coming to an Aquilibrium with the Air, 

How far this Barometer will ſucceed in Prac 
tice, muſt be left to Experience to determingWſn 


* 
4 dd 2X 1 
between and — will be always equal to the Variation 
2 ad | 
* IN 2 

* dalle. 

the common Barometer, and thereſore — — =, and 
4 m Sy 
dA bthe 
the common Method of Reduction, x = : That is, Md! 


2m—dd—1 ; 
vr: j 2m:—di—1, Now, if we put m=14, and d==;, l 
- and—1 will be as much as 2m, and therefore = —2: 
will be equal to nothing; and ſo x being by the Proportion 
many Times more than v, as mad is than nothing, tis infinit 
And if be put==14, and d==5, mdd will be equal to 35 


and 2M7—d4d—1=2 ; and therefore the Variations in this Ca 
will be to thoſe in the common Barometer, as 175 to 65e, 
10 
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Probably, if the Bore of the Tube FC be made 
m ery ſmall, viz. about the twentieth Part of 
J Inch Diameter, the Air will not aſcend 
through the Water, as it is apt to do through 
the Mercury in the pendant Barometer ; and 
the Smallneſs of the Bore will not prevent the 
Water from moving, near ſo much as it does 
he Mercury in that Barometer. 

There is an Improvement of another Kind 
nthe common Barometer, whereby it is ren- 
tered portable. The Tube containing the 
Mercury, inſtead of having its lower End im- 
nerged in a Veſſel of that Fluid, has it tied 
ina leathern Bag, not quite full of Mer- 
ary, And though the external Air cannot 
xt into the Bag to ſuſpend the Mercury in 
be Tube, by preſſing on its Surface, as in the 
immon one; yet it has the fame Effect by 
refſing on the Outſide of the Bag, which, 
king pliant, yields to the Preſſure, and keeps 
te Mercury ſuſpended in the Tube at its pro- 
r Height. This Bag is generally incloſed 
2 little Box, "through the Batthm of which 
uſes a Sctew.g With this Scree Bag may 
r compreſſei, as to fore Mercury up 
the Top of the Tubes wih Keeps it ſteady, 


iation | 


, and 


- A 


at is, d hinders it fem breaking the Tube by 
= Wing againſt the Top when it is carried 
t as it otherwiſe would be apt to do. 


ortion 
s infinit 
1] to 350 
this Ca 
one. 
Pro 


See 
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See more on the Subject of this Diſſertation 
Weidleri Inſtitutiones Mathemat. p. 608. Mz 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV 
§. 15. Mr. Paſcbal's Traite de PEquilibr 
des Liqueurs. Sinclair's Ars magna Gravitas 
& Levitatis. Mariotte's Second Eſſay de | 
Nature dell' Air. Philoſoph. Burgund. Tom. I 
p. 8 50. Saul's Treatiſe on the Barometer 
Regnault's Philoſoph. Converſat. 22. Clare 
Motion of Fluids, p. 141. Mem. de I Ach. 
1705, 1711, Philoſophical TranſaCtions N 
9, 10, 11, 55, 86, 91, 165, 181, 185, 205 
229, 236, 237, 240, 243, 269, 351, 30 
385, 388, 405, 406, 427. Cotes's Hydro 
ſtatical and Pneumatical Lecture. Le, 
With ſeveral other Authors referred to in M 
Johnſon's Queſtiones Philoſophicæ, Cap. 
Quæſt. 36, 37. 
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* X Globe. Some. of, the A na took it to:bs 


b ir; ruſhing düt of the Bowe ls and Cavities 
1M Ts Es ir it an Ex- 


, 300 lation! from its Surface. But, eſe are 

ty wbeſes too chiwerical | to ſtand j in. Nied 255 
„ cular Confutation.. Som pf the Moderng, 
p. U ho held a Plenum, have accounted for it thus: 


They imagined, that the Air heing obfing: 
boxe, as it muſt be: if we ſuppoſe DE = Pls 
would, when more han ordinarily. . or 
beked with. Vapeurs, drive away the neigh- 
buring Air, in oder to make Room for itſelf; 
nd by this, Means-pecaſion a Wind. Others, 
ſerving a conſtant. and . perpe tual eaſterly 
Mind to, blow at the Equator, aſcribed its 
Origin to the diurnal Rotation of the Earth 
bout its Axis from Weſt to Eaſt ; which they 
eught would occaſion the Air upon its Sur- 
ke to ſeem to mae the contraty Way, being 
n ſome Meaſure left behind. But, whereas 
ere are Winds, in ſome Places neat ge Egua- 
r, that blow d on 1 other Points of t mpaſs 
O (as 


DI 
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(as we ſhall ſee hereafter) this Hypothejis i 

inſufficient. , Befides, the Air preſſing upon ov 
the Surface of the Earth by its Gravity, likW fe 
other Bodies, and having nothing to hinde 
it from moving ſteely along with it, muſt ne. 
ceſſarily, in Time, acquire an equal Degre: 
of. Velocity, and ſo keep Pace with it, all th 
Way round, '' 1 

The principal Cauſe of the Wind, or, 1 


other Words, of the Air's moving from Plc « 
to Place, upon the Surface of the Earth, M 
the An being heated over one Pat « ; 
more than over another. For, in this CH 
the warmer Air being rarefied, becomes ſpe. © 
fically lighter than the reſt; it is thereſa v 
over-poiſed by*it, and raiſed upwards, th. 
upper Parts of it diffuſing themſelves ere N 


Way over the Top of the Atmoſphere ; wit 
the neighbouring inferior Air ruſhes in fra 
all Parts at the Bottom; which it continues ¶ pr 
do, till the Ægquilibrium is reſtored. « = 


4 Upon this Principle it is, that moſt of . tic 
Winds may be accounted for. * 

| Jo begin with thoſe which blow under tha « , 

| „ eee 

| * f ; the 

| | «the 

| 1. Under the Equator, the Wind is alway Deg 
4A obſerved to blo from the Eaſt Point #. — 
| » g — Fo G by 
the 


For the Reader's Faſe (who perhaps is not furniſhed wi! g % 
the Philoſophical Tranſactions] J ſhall here inſert by Way tan 
Note, frem Dr. Haller”; Account, ſo much of the Hiſtory of t 


Winds, as may be neceflary for the underſtanding this "TY 


s 
"  _— — OOTY Eo <__—— — 
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For, ſuppoſing the Sun to continue vertical 
pon over ſome one Place, the Air will be moſt rare- 
like fied there; and conſequently, the neighbour- 


nder ing 


| « The univerſal Ocean, ſays he, may moſt properly be di- 

at) vided into three Parts, wiz. 1. The Atlantic and Ethiopic 

| thei « Seas. 2. The Indian Ocean. 3. The great South Sea, or 
the Pacific Ocean, | 


« I, In the Atlantic and AZthiopic Seas, between the Tropics, 
« there is a general eaſterly Wind all-the Year long, without any 
© conſiderable Variation; excepting, that it is ſubject to be de- 
« fleted therefrom, ſome few. Points of the Compaſs, towards 
the North, or South, according to the Poſition of the Place. 

4 1, Near the Coaſt of Africa, as ſoon as you have paſſed the 
« Canary Iſles, you are ſore to meet a freſh Gale of North · eaſt 
„Wind, about the Latitude of twenty-eight Degrees North; 
« which ſeldom comes to the Eaſtwards of the. Eaſt-north-eaſt, 
« or paſſes the North · north eaſt. This Wind-accompanies thoſe 
„bound to the Southward, to the Latitude of ten Degrees 
« North, and about an. hundred Leagues from the Guinea 
« Coaſt ; where, till the fourth Degree of North Latitude, they 
« fall into Calms and Tornadoes, or ſudden Storms. | 

4 2, Thoſe bound to the Caribbee Iſles, find, as they ap- 
« proach the Americas Side, that the aforeſaid North-eaſt 
« Wind becomes ſtill more and more eaſterly, ſo as ſometimes to 
« be Eaſt, ſometimes Eaſt by South, but yet moſt commonly to 
the Northward of the Eaſt, a Point or two, ſeldom more. 
is likewiſe obſerved, that the Strength of theſe does gra- 
* dually decreaſe, as you fail to the Weſtward, | 

« 3, That the Limits of the Trade and wariable Winds in 
this Ocean, are farther extended on the American Side, than 
* the African; for, whereas you meet not with this certain 
„Wind, till after you have paſs'd the Latitude of twenty-eight 
Degrees on this Side ; on the contrary Side it commonly 
* holds to thirty; thirty-one, or thirty-two Degrees df La- 
" tude; and this is verified likewiſe to the Southward of the 

Fort Aiquinotial ; for near the Cape of Good Hope, the Limits of 
red will dhe Trade Wind are three or four Degrees nearer the Line, 
Way chan on the Coaſt of Braff. 


1 
72 O 2 * 4. That 


«« | 
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ing Air will ruſh in from every Quarter with I Ai 
equal Force. But, as the Sun is continually 
ſhifting to the Weſtward, the Part where the 

Air 


« 4. That from the Latitude of four Degrees North, to the 
« aforeſaid Limits on the South Side of the Equator, the Wind 


« are generally and perpetually between the South and Eat, Wi « 5. 
« and moſt commonly between the South-eaſt and Eaſt 3 ob . 21 
«« ſerving always this Rule, that on the African Side they are en 
more ſoutherly, on the Braſilian more. eaſterly, ſo as to be. Wi of 
« come almoſt due Eaſt, the little Deſlection they have being 4 
« ſtill to the Southward. In this Part of the Ocean, ith ter 
* been my Fortune to paſs a full Vear, in an Employment that . 7; 
« obliged me to regard more than ordinarily the Weather, an! WW * i; - 
« I found the Winds conſtantly about the South-eaſt, - the mol WAN « 20) 
« uſual Point South-eaſt by Eaſt: When it was eaſterly, it . . re; 
« nerally blew hard, and was gloomy, dark, and ſometime . nin 
«« rainy Weather: If it came to the Southwards, it was pen cal 
« rally ſerene, and a ſmall Gale next to a Calm; but this n are 
« very common. But I never ſaw it to the Weſtwards of tlie nc 
« South, or Northwards of the Eaſt. (0 « ha] 
. That the Seaſon of the Year has ſome ſmall Effect f fors 
© theſe Trade Winds; for that, when the Sun is confiderably cone 
„ the Northward af the Equator, the South-eaft Winds, eſpe· the 
« cially in the Streight of this Ocean (if I may fo call it) be mal 
« tween Brafil, the Coaſt of Gainea, do vary a Point ol" for 
* two to the Southward, and the North-eaft become mor deta 
*« eaſterly ; and, on the contrary, when the Sun is towards the 
* Tropic of Capricorn, the South-eaſterly Winds become moe I! 
« eaſterly ; and the North-eaſterly Winds, on this Side tel u i 
Line, veer more to the Northward. the 
6. That as there is no general Rule, that admits not of ſameſi the 
Exception, ſo there is in this Ocean a Tra& of Sea, where" ae 
the ſoutherly and ſouth-weſt Winds are perpetual, vis. aH . 
along the Coaſt of Guinea, for above five hundred League oree: 
** together, from Sierra Leona, to the Ile of St. Thomas : Toff Gen, 
the South-eaſt Trade Wind having paſs'd the Line, and ap bun- 
© proaching the Coaſt of Guinea within eighty or an hundred iter 
Leagues, inclines towards the Shore, and becomes South-ſouth z 


eaſt; and by Degrees, as you come nearer, it veers about f aſore 
South, South-ſouth-weſt, and in with the Land South-weſ 


64 an 
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th WY Air is moſt rarefied, is carried the ſame Way; 
hy WY and therefore the Tendency of all the lower Air, 


the Wl taken together, is greater that Way, than any 
Air other, 


the and ſometimes Weſt-ſouth-weſt. Theſe are the Winds, which 
ind are obſerved on this Coaſt when it blows true; but there are 
Baſt, frequent Calms, violent ſudden Guſts, called Tornadoes, from 
ob al Points of the Compaſs, and ſometimes unwholeſome foggy 
an © eaſterly Winds, called Hermitz, by the Natives, which too 
0 be- WY © often infeſt the Navigation of theſe Parts. 

being « +, That to the Northwards of the Line, between four and 
Cha BY © ten Degrees of Latitude, and between the Meridians of Cape 
t that Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
; and WY * is Tract of Sea, wherein it were improper to ſay, there is 


mot © any Trade Wind, or yet a variable; for it ſeems condemned to 
it ge. © perpetual Calms, attended with terrible Thunder and Light- 
titer © ning, and Rains ſo frequent, that our Navigators from thence 
gene Wl © call this Part of the Sea, the Rains: The little Winds that 
is no: ® are, being only ſome certain Guſts, of very little Continu- 
of tlic © ance, and leſs Extent ; ſo that ſometimes each Hour you 


" ſhall have a different Gale, which dies away into a Calm be- 
ect u fore another ſucceeds : And in a Fleet of Ships in Sight of 
bly 1088 * one another, each ſhall have the Wind from a Gveral Point of 
" the Compaſs : With theſe weak Breezes, Ships are obliged to 
" make the beſt of their Way to the Southward, through the 
" aforeſaid fix Degrees; wherein it is reported ſome have been 
" detain'd whole Months for want of Wind. 


„II. In the Indian Ocean, the Winds are partly general, 
"2 in the /Zthiopic Ocean; partly periodical, that is, half 
the Year they blow one Way, and the other half near upon 
" the oppoſite Points ; and theſe Points, and Times of ſhifting, 
" zre different in different Parts of this Ocean, 

* 1, Between the Latitudes of ten Degrees and thirty De- 
' grees South, between Madagaſcar and Hollandia nova, the 
" General Trade-Winds about the South-eaſt and by Eaſt, are 
* found to blow all the Year long, to all Intents and Purpoſes, 
after the ſame Manner, as in the ſame Latitudes in the 
Etbiopic Ocean, as it is deſcribed in the fourth Remark 
about aforegoing. 


O 3 «2. That 
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other, Thus the Tendency of the Air to. 
wards the Weſt, becomes general, and its 
Parts impelling one another, and continuing tu 

| move 


« 2. That the aforeſaid South-eaſt Winds extend to within two 
Degrees of the Equator, during the Months of une, Ju, 
« and Juguft, &c. to November; at which Time, between the 
South Latitude of three and ten Degrees, being near the I 
* ridian of the North End of Madagaſear, and between tw 
and twelve South Latitude, being near Sumatra and Java; tie 
« contrary Winds from the North-weft, or between the Non 
« and Weft, ſet in, and blow for half a Year, wiz. from th 
% Beginning of December till May: And this Monſoon is ch 
« ſerved as far as the Molucca Iles. | 

« 3. That to the Northward of three Degrees South Lai. 
« tude, over the whole Arabian and — ag and Gulf d 
« Renga!, from Sumatra to the Coaſt of Africa, there is u. 
« other Mon/con, blowing from October to April, upon the 
« North-eaſt Points: But in the other half Year, from 4prilt 
« OXober, upon the oppoſite Points of South-weſt and Wel 
& ſouth-weſt, and that with rather more Force than the othe: 
«« accompanied with dark, rainy Weather; whereas the Non 
« eaſt blows clear. Tis likewiſe to be noted, that the Wind 
are not ſo conſtant, either in Strength or Point, in the Gul 
« of Penga/, as they are in the Indian Sea, where a cer 
« ſteady Gale ſcarce ever fails. Tis alſo remarkable, ut 
„ the South-weſt Winds, in theſe Seas, are generally mot 
* ſoutherly on the African Side, and more weſterly on d 
« Indian. 

« 4. There is a Tract of Sea to the Southward of th 
& Equator, ſubject to the ſame Changes of the Winds, v 
% near the African Coaſt, between it and the Iſland Madagaſca 
* or St. Laurence, and from thence Northwards, as far at 
Line; whercin, from April to Ofober, there is found a dt 
« ſtart freſh South-ſouth-weſt Wind, which, as you go mo 
* northerly, becomes ſtill more and more weſterly, ſo as tot 
* in with the Weſt-ſouth-weſt Winds, mentioned before in tho 
Months of the Year to be certain to the Northward of t 
« Equator. What Winds blow in thoſe Seas, for the othe 
* half Vear, I have not yet been able to obtain to my full Sat 
faction: The Account which has been given me, is only - 

| 4 
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to- move till the next Return of the Sun, ſo much 
| its of its Motion, as was loſt by his Abſence, is 
g ta again reſtored, and therefore the eaſterly Wind 
nove becomes Perpetual. 


Some 
in two 
Ju. That the Winds are much eaſterly hereabouts, and as often to 
en Ut the North of the true Eaſt, as to the Southward thereof. 
e Me «5, That to the Eaſtward of Sumatra and Malacca, to the 


en ta , Northwards of the Line, and along the Conſt of Camboia 
od, tte „ind China, the Mon/oons blow North and South; that is to 
Nor Bi « ay, che North-eaſt Winds are much northerly, and the 
m de © $outh-weſt much ſoutherly. This Conſtitution reaches to the 
5 c Eaſtward of the Philippine Iles, and as far northerly as Fapar ; 

de northern Mon ſoon ſetting in, in theſe Seas, in October or 
Lai. Member; and the ſouthern in May, blowing all the Summer 
« Months. Here it is to be noted, that the Points of the Com- 
* paſs from whence the Winds come, in theſe Parts of the 
World, are not ſo fixed, as thoſe lately deſcribed ;- for the 
„ ſoutherly will frequently paſs a Point or two to the Eaſtwards 
„of the South, and the northerly as much to the Welt- 
* wards of the North, which ſeems occaſioned by the great 
« Quantity of Land which is interſperſed in theſe Seas. 

« 6, That in the ſame Meridians, but to the Sou:hwards of 
« the Equator, being that Tract lying between Sumatra and 
Java to the Weſt, and New Guinea to the Eaſt, the ſame 
« northerly and ſoutherly Monſoont are obſerved ; but with this 
Difference, that the Inclination of the northerly is towards 
the North-welſt, and of the ſoutherly towards the South-eaſt ; 
* But the Plagæ Venti are not more conſtant here than in the 
former, wiz. Variable five or ſix Points. Beſides, the Times 
„af the Change of theſe Winds are not the ſame, as in the 
# Chineſe Seas, but about a Month, or fix Weeks later. 

« 7, That the contrary Winds do not ſhift all at once, but in 
* ſome Places the Time of the Change is attended with Calm, 
in others with variable Winds; and it is particularly remark- 
« able, that the End of the weſterly Mon/oon, in the Seas of 
* Ching, are very ſubject to be tempeſtuous. The Violence of 
* theſe Storms is ſuch, that they ſcem to be of the Nature of + 
WW” the ½ % India Hurricanes, and render the Navigation of 
* theſe Parts very unſafe about that Time of Year. Theſe 

O4 « Tempeſt 
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Some are inclined to think, that the con- Nuhi 
tinual ſhifting of the Sun to the Weſtward, Nas t 
mould produce a weſterly Wind under the Waſte: 
Equator, by cauſing the Current of the Air N 
from the Weſt to exceed and over- balance that, N 


« Tempeſts are by our Seamen uſually term'd the Breaking y and 
« of the Monſoons, bath 


pen 
« III. The Third Ocean, called Mare Pacificum, whoſe Fr Will calts 
«« tent is equal to that of the other two (it being from the Web B 


Coaſt of America to the Philippine Iſlands, not leſs than 1 | 
hundred and fifty Degrees of Longitude) is that which is leak conf 
« known to our own, or the neighbouring Nations: That Na- tical, 
«« pation that there is on it, is by the Spaziards, who go yearly 5 
„ from the Coaſt of New Spaiz to the Manilha's : But that but (WD 
by one beaten Tract; fo that I cannot be ſo particular ber i the 
as in the other Two. What the Spani Authors ſay of H nd 
« Winds, they find in their Courſes ; and what is confirmed by 
* the old Accounts of Drake and Candifs, and ſince by Schon, Ar, 
„ who ſailed the whole Breadth of this Sea, in the ſouthern 
Latitude of fifteen or ſixteen Degrees, is, that there is a great 
«© Conformity between the Winds of this Sea, and thoſe of the 
„Atlantic and /Ethiopie ; that is to ſay, that to the Northwart 
of the Equator, the predominant Wind is between the Eaſt ant 
« North-eaſt ; and to the Southwards thereof, there is a con 
«« ſtant, ſteady Gale, between the Eaſt and South-eaſt, and tha 
© on both Sides the Line, with ſo much Conſtancy, that the 
* ſcarce ever need to attend the Sails; and Strength, that it 
«« rare to fail of croſſing this vaſt Ocean in ten Weeks Time 
« which is about an hundred and thirty Miles a Day: Befides 
« tis ſaid, that Storms and Tempeſts are never known in the 
«« Parts ; wherefore ſome have thought it might be as ſhort 
Voyage to Japan and China, to go by the Streights of Mc ti 
„ gellan, as by the Cape of Good Hope. vity 
The Limits of theſe General Winds are much the ſame: tho 
« in the Atlantic Sea, vis. about the thirtieth Degree of Lai Ac 
„ tude on both Sides. Befides, a farther Analogy between th Brea 
„Winds of this Ocean, and the /Ethiopic, appears in that, th eaua 
* upon the Coalts of Peru they are always much ſoutherly, l bb 
as they are found near the Shores of Angela. ride 


Whicl 
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n which oppoſes it from the Eaſt. For, where- 
rd. Nas the eaſtern Air retains its Heat ſome time 
the iter the Sun is removed from it, it muſt al- 
Air Mays be rarefied to a greater Degree, and alſo 
at Mio a greater Diſtance from the Place to which 
be Sun is vertical, than the weſtern Air is; 
oo Dad therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
. Mcaltcrn, and drive the Current before it. 
we But it is to be obſerved, that we are not to 
e confider the Point to which the Sun is ver- 
N tical, but the Point of greateſt Rarefaction 
( bich, upon Account of the Sun's Motion to 
ber, the Weſtward, lies always to the Eaſtward ) ; 
ind then ſee, which Side of the Column of 
dir, incumbent over that Point, ſuſtains the 
geater Preſſure from the neighbouring Co- 
umns. Now, although the Air is rarefied 
wen farther to the Eaſt of this Point, than to 
the Weſt, yet fill, if we ſuppoſe the Point 
v keep its Place, the Air over it will ſuſtain 
n equal Degree of Preſſure on each Side, 
for, ſince no Column can be aſſigned on the 
weltern Side, but one alſo on the eaſtern 
may be found under an equal Degree of Rare- 
ktion, and therefore of the ſame ſpecific Gras 
ty; and ſince Fluids of equal Heights, and 
he fame ſpecific Gravities (whatever be the 
breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. I. F. 9.) 'tis very 
dent, that the Column of Air, over the 
Point 
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Point of greateſt Rarefaction, is preſſed equal. Nui 
ly both Ways; and ſo, upon this Suppoſition, Mhec: 
each Wind will blow towards that Point withMW%u 
equal Force. But, if we ſuppoſe the Poin 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this /ZquilibriunMrort 
will by that Means be deſtroyed, and the. ren 
Motion of the Air (upon the whole) deter- ther 
mined that Way. For let us conſider am eatte 
Portion of the weſtern Air approaching to. 
wards the Point of greateſt Rarefaction, if tha 
Point ſhifts, in the mean Time, towards the 


Weſt, then will that Portion reach the (aid T 
Point ſooner than it otherwiſe would haf er 
done; thereby loſing a Part of its Motion, MH diſta 
which Means the weſterly Current will be d hei 
miniſh'd. Again, if, while the Eaſt Wind bed, 
blows towards the Point of greateſt Rarefaction te 
that Point moves on before it, then will thofarti 
eaſtern Air have a greater Quantity of Motion 4 
than it otherwiſe would have had; that, whici tts 
ſhould have been an Impediment to it, being bead 
upon this Suppoſition, in ſome Meafure with 4 
drawn; and ſo the Eaſt Wind will be augWery | 
mented. Thus, the Weſt Wind having itWinto t 
Force leſſen'd by the Motion of the Sun, andWing r 
the Eaſt one being increaſed, the latter e $ 
length as it were abſorbs the former, and cat tte L 
ries it away in its own Direction. 4. 

2. On each Side of the Equator, to aboutthe R 
the thirtieth Degree of Latitude, the Wind ite 


found 
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ual. Mound to vary from the Eaſt Point, ſo as to 
become North-eaſt on the northern Side, and 
cuth-eaſt on the ſouthern, 

The Reaſon of which is, that, as the egua- 
trial Parts are hotter than any other, both the 
-iunMrorthern and ſouthern Air ought to have a 
Tendency that Way ; the northern Current 
therefore, meeting in this Paſſage with the 
aitern, produces a North-eaſt Wind on that 
Side ; as the ſouthern Current, joining with 
the fame, on the other Side the Equator, forms 
; South-eaſt Wind there. 

Theſe two Propoſitions are to be underſtood 
of open Seas, and of ſuch Parts of them as are 
litant from the Land; for near the Shores, 
e where the neighbouring Air is much rare- 
fed, by the Reflection of the Sun's Heat from 
onde Land, it frequently happens otherwiſe ; 

IM particularly, 

on 3. On the Guinea Coaft, the Wind always 
hich es in upon the Land, blowing weſterly in- 
ing lead of eaſterly, This is becauſe the Deſerts 
ith! Africa lying near the Equator, and being a 
aug very ſandy Soil, reflect a greater Degree of Heat 
7 it nto the Air above them. This therefore be- 
ng rendered lighter, than that which is over 
r ati de Sea, the Wind continually ruſhes in upon 
care Land to reſtore the Æquilibrium. 

4. That Part of the Ocean, which is called 
bout the Rains, is attended with perpetual Calms, 
nd ie Wind ſcarce blowing ſenſibly either one 
dune | Way 
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Way or other. (See its Situation deſcribed in N wi 
Note, Page 119, Remark 7th). For this Trag Nut 
being placed between the weſterly Wind blow. Mef t 
ing from thence towards the Coaſt of Guinea, cou 
and the eaſterly Wind blowing from the ſame Mel 
Place to the Weſtward thereof, the Air Rand; Mie 
in Æguilibrio between both, and its Gravity i MCire 
ſo much diminiſhed thereby, that it is not able ¶ uff 
to ſupport the Vapour it contains, but lets it F 
fall in continual Rain, from whence this P Wir 
of the Ocean has its Name. the; 
5. There is a Species of Winds, obſervabe tin 
in ſome Places within the Tropics, called hy bor 
the Sailors Monſoons, which, during fix Months Dia 
of the Year, blow one Way; and the remain- Wu! 
ing fix the contrary. with 
The Occaſion of them in general is this N r 
When the Sun approaches the northern Tropic, Wor 
there are ſeveral Countries, as Arabia, Perſa, Ar 
India, &c. which become hotter, and refled der 
more Heat than the Seas beyond the Equator, Nit 
which the Sun has left ; the Winds therefore, 
inftead of blowing from thence to the Parts f. 
under the Equator, blow the contrary Way; Nr, 
and when the Sun leaves thoſe Countries, and i« 
draws near the other Tropic, the Winds turn me 


about, and blow on the-oppoſite Point of the 

Compals. | 
The Regularity of theſe Winds making 

them more than ordinarily uſeful in Navl- 


gation, they are from thence called Trade 
Winds, 
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Winds. As to other Circumſtanees relating 
to them, and the particular Fimes and Places 
of the Monſoons, &c. See the Hiſtorical Ac- 
eunt in the foregoing Note; all which might 
alily- be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 
Circumſtances of Situation, Heat, Cold, Cc. 
uff ciently known . rl 5 

From the Solution of the' general Trade 
Winds, we may ſee the Reaſon, why in 
de Atlanlit Ocean, a little on this Side the 
hirtieth Degree of North Latitude, or there- 
douts, as was obſerved in the foregoing 
Diſſertation, there is generally 4 Weſt, ot 
Woln-weſt Wind. For, as the inferior Air; 
fithin the Limits of thoſe Winds, is conſtant- 
h ruſting towards the Eguator, from the 
North-eaſt Point, or thereabouts, the ſuperiot 
Air moves the contrary Way; and therefore, 
ter it has reached theſe Limits, and meets 
mth Air, that has little or no Tendency to 


* Some have thought, that the Regulatity of the general Trade 
Vinds is partly owing to the diurnal: Motion of the Moon from 
alt to Welt. For, as the don renders the Air ſpecifically lighter 
is Heat, ſo does the Moon by attraQting it, in the ſame 
Manner, as it does the Sea, in raiſing the-Tides : But it is to 
« obſerved, that as the Moon acts with the greateſt Force upon 
le ſuperior Parts of the Air, and as thoſe ſuperjor Parts are un- 
alined, and therefore more at Liberty to ruſh in, in order to 
Wore the Equilibrium ; it will from hence follow, that the 
ling in of the ſuperior Parts of the Atmoſphere will princi- 
y contribute towards reſtoring the Æguilibrium ; arid ſo the 
lotion, produced below, will be very inconſiderable. 


any 
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any one Point more than to another, it wil 
determine it to move inthe ſame Direction 
with itſelf. LA, 

In our own Climate we frequently exye. 
rience, in calm Weather, gentle Breezes bloy. 
ing from the Sea to the Land, in the Heat d 
the Day ; which Phenomenon is very agree 
able to the Principle laid down above: Fi 
the inferior Air over the Land being rarefe 
by the Beams of the Sun, reflected from it 
Surface, more than that which impends on 


the Water, which reflects fewer, the latter ii v 
conſtantly moving on to the Shore, in or chat 
to reſtore the Afquilibrium, when not di Air 
turbed by ſtronger Winds from another QurWout | 
ter +. of th 
From what has been obſerved, nothing WM th 
more eaſy than to ſee, why the northern unter 
ſouthern Parts of the World, beyond the L 
mits of the Trade Winds, are ſubject to ſuc Fe 
Neli 
+ In Confirmation of this, we have an eaſy, and very p ti 


tinent Experiment, related by Mr. Clare, in his Motize 1 
Fluids, Take, /ays he, a large Diſh, fill it with cold Wat: ar. 
into the Middle of this put a Water-Plate, filled with Auth 
Water. 'The firſt will repreſent the Ocean; and the c Phil 
„an Iſland, rarefying the Air above it. Blow out a Wa c 
«« Candle, and if the Place be ſtill, on applying it ſuccefire 

«+ to every Side of the Diſh, the fuliginous Particles of : 

*+ Sinoak, being viſible and very light, will be ſeen to mo 
towards the Plate, and riſing over it, point out the Cor! 

«+ of the Air from Sea to Land, Again, if the ambient Watt 

„be warmed, and the Plate filled with cold Water, let t! 

++ {moaking Wick of the Candle be held over the Plate, 2! 

the contrary will happen.“ 


Varict 


Whiloſoph, Cap. IV. Quæſt. 1. 2. 
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Variety of Winds, For the Air, upon Ac- 
count of the leſſer Influence of the Sun in 
thoſe Parts, being-undetermined to move to- 
wards any fixed Point, is continually ſhifting 
from Place to Place, in order to reſtore the 
Equilibrium, wherever it is deſtroyed ;' whe- 
ther by the Heat of the Sun, the riſing of 
Vapours, or Exhalations, the melting of Snow 
upon the Mountains, and a great Variety of 
aher- Circumſtances, more than can be eaſily 
enumerated. A 2G! | 

We are told by: Hiſtorians, of certain Caves 
that emit Wind; if ſo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
out for Want of Room; or, when the Preſſute 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and ſo permits the 
internal Air to dilate itſelf, and iflue out. 


For more on this Subject, ſee Nieuwentyt's 
Religious Philoſopher. Negnault's Philoſo- 
pmical Converſations, Care's Motion of Fluids. 
Martin's Philoſophical Grammar. And .the 
Authors referred to in Mr. Johnſon's Quæſtiones 


| 
| 


ſufficiently explained by:any one. 


A ˙ oO. 2 0 


r30 Of the Formation and Part Il I 


DISSERTATION VI. 


Of the Formation and Aſcent of Fs 
pours, and their Reſolution. inh 
Rain, Snow, and Hall, X 


F*HAT Vapours are raiſed from the Sur. 
face of Water by the Action of the u 1 

Heat, is agreed on by all: But the Manner in 
which this is done, has ever been a ControveryMl,.. 
among Philoſophers; neither is it at this Tim 


If we conſult a Cartefen upon this Matte: 
he immediately tells us, that, by the Action df 
the Sun upon the Water, fmall Particles of the 
Water are formed into hollow Spheres, fillet 
with Materia Subtilis, and by that Means be 
coming lighter than an equal Bulk of Air, at 
eaſily buoyed up in it. But, as this Materi 
Subtilis is only a Fiction, this Solution is nol 
to be regarded. 2d | 

Dr. Nieuzventyt, and ſeveral other Philc 
ſophers, who maintain, that Fire is a part 
cular Subſtance, diſtin from other Matter 
account for the Formation and Aſcent of Va 
pours thus: They ſay, that the Rays of thi 
Sun, or Particles of Fire ſeparated from them 


adhering to Particles of the Water, make 
ut 
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up little Bodies, lighter than an equal Bulk of 
Air; which therefore, by the Laws of Hy- 
". Weroſtatics, will aſcend in it, till they come to 

an Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain is 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water ; which laſt, 
being then left without Support, can no longer 
be ſuſtained by the Air, but falls down in 
Sur Drops of Rain *. 
ui This Opinion is liable to the following Dif- 
u culties; Fir, Fire has never been yet pro- 
uh ea to be a diſtinct Element, or a particular 
dubſtance +; and the Change of Weight in 
Bodies 1n chemical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 
af Fire, is found to proceed from the Adheſion 
of Particles of Air 8. | 


Secondly, Should the above-mentioned Sup- 
be yhition be allowed, the fiery Particles, which 
Mare joined to the watery ones to buoy them 


I», muſt be conſiderably large, or elſe a very 
eat Number muſt fix upon a fingle Particle 
Water; and then a Perſon being on the 
op of an Hill in a Cloud, would be ſenſible 
i the Heat, and find the Rain produced from 
at Vapour, much colder than the Vapour it- 


dee Nieuwentyt's Religious Philoſopher, Contempl. 19. 
hem 1 See the Authors referred to in Mr. Johnen Quzſiiones 
WW ofoph. Cap. I. Quæſt. 30. 

By Dr. Hales, in his vegetable Statics. + 


I P ſelf: 


132 Of the Formation and Part Ii 5 


ſelf : whereas the contrary is evident to our 


Senſes; the Tops of Hills, though in the 0 
Clouds, being much colder than the Rain * 
which falls below. th, 

Beſides, the Manner in which the Particles d. 
of Water ſhould be ſeparated from thoſe oi |, 
the Fire, ſo as to fall in Rain, is not eaſily u n 


be conceived. 

The moſt generally received Opinion i; 44. 
That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become gu 
formed into Bubbles, filled with a Flatus, d 


warm Air, which renders them ſpecificalh 2 
lighter than common Air, and makes them jj. 
riſe therein, till they meet with ſuch as is of den 
the ſame ſpecific Gravity with themſelves tte 
But I alk, this 

Firſt, How comes the Air in the Bubble ren 
to be ſpecifically lighter than that without; f 
ſince the Sun's Rays, which act upon t and 
Water from whence they are raiſed, are equal 1 
denſe over all its Surface? mir 

Secondly, I it could be poflible for Tra: 
Air to be ſeparated from the denſer ambic ;... 
Air, to form the Bubbles (as Bubbles of ſoapeſ 71 
Water are blown up by warm Air from t ..1 . 
Lungs, whilſt the ambient Air is colder an gf 
denſer) what would hinder the external A heir 
from reducing that, which is incloſed in ti parti. 
Bubbles, inimediately to the fame Degree q 41, 

* Philoſophical TranſaQions, No. 192. vel 


Cold 
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Coldneſs, and ſpecific Gravity with itſelf ; 
(Cold being readily communicated through 
ſuch thin Shells of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
than the circumambient Air, and would no 
longer be ſupported therein ; but fall down, 
almoſt as ſoon as they were formed ? 

Thirdly, It we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preſſes leſs upon them 
than it did before ; and why are they not con- 
denſed, when the ambient Air is condenſed by 
the Accumulation of the ſuperior Air ? But if 
this Condenſation and Rarefaction ſhould hap- 
yen to them, the Clouds would always continue 
t the ſame Height, contrary to Obſervation ; 
ind we ſhould never have any Rain. 

The two laſt Opinions are more largely ex- 
mined by Dr. Deſaguliers in the Philoſophical 
Tranſactions, Ne. 407. After which he en- 
deavours to eſtabliſh one of his own, 

He obſerves, with Sir Jaac Nerolon, that, 
when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 
their repulfive Force grows ſtronger, and the 
Particles exert that Force at greater Diſtances ; 


that the ſame Body ſhall be expanded into 


; very large Space, by becoming fluid; and 
| _- may 
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may ſometimes take up more than a Million ©*: 
of Times the Room it did in a ſolid and in. ** 
compreſſible State. Thus, ſays he, if the Dr. 
e Particles of Water are turned into Vapour, 4 
« by repelling each other ſtrongly, and repel the 
Air more than they repel each other; Ag. us | 
« oregates of ſuch Particles, made up of Va. 
« pour and Vacuity, may riſe in Air of different + 
«© Denſities, according to their own Denſity 1 
&« depending on their Degree of Heat.” He 
obſerves farther, that Heat acts more power- 


fully on Water, than on common Air; for tha \ 
the ſame Degree of Heat, which rarefies Ari 
two Thirds, will rarefy Water near fourteen © 
thouſand Times, changing it into Steam 6 A 


Vapour, as it boils it. And in Winter, tha 
ſmall Degree of Heat, which in Reſpect of ou 
Bodies appears cold, will raiſe a Steam or V. 
pour from Water, at the ſame Time that ig. 9 
condenſes Air. Laſtly, he obſerves, That tha. t. 
Denſity and Rarity of this Vapour depend. V 
chiefly on its Degree of Heat, and but little c b 
the Preſſure of the circumambient Air. Fro 
all which he infers, that the Vapour being, th 
more rarefied near the Surface of the EarthM © 
than the Air is there by the ſame Degree 0 
eat, muſt neceſſarily be buoyed up into tha | 
Atmoſphere; and ſince it does not expand ii. th 
ſelf much, though the Preſſure of the incum 
bent Air grows leſs, at length it finds a Placg 

where the Atmoſphere is of the ſame ſpecifig 

Gravity 
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Gravity with itfelf, and there floats, till, by ſome 
Accident or other, it is converted again into 
the Drops of Water, and falls down in Rain. 
And to ſhew that Air is not neceſſary for 
the Formation of Steam or Vapour, he gives 
A, Wu this Experiment. 
V. ABCD (Hg. 37.) is a pretty large Veſ- 
 W* {&@ of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
He ed the Glaſs Bell E, made heavy enough 
(to fink in Water; but put in, in ſuch a 
the Manner, that it be filled with Water when 
© upright, without any Bubbles of Air at its 
Crown within, the Crown being all under 
& Water. As the Water boils, the Bell will 
hy Degrees be emptied of its Water, the 
Water in the Bell being preſſed down by 
the Steam which riſes from it ; but, as that 
* Steam has the Appearance of Air, in order 
th know whether it be Air or not, take the 
* Veſlel off the Fire, and draw up the Bell 
© by a String faſtened to its Knob at Top, till 
* only the Mouth remains under Water; 
then as the Steam condenſes by the cold Air 
Hon the Outſide of the Bell, the Water will 
* riſe up into the Bell at F, quite to the Top, 
Lvichout any Bubble above it; which ſhews, 
that the Steam, which kept out the Water, 
Was not Air.“ 


oh 
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This Hypotheſis, however plauſible it may 
appear, is attended with Dithculties, as well 
as the other. For, 

Firſt, If the repulſive Power of the Particles 
of Water is ſufficiently augmented by Heat az 
ſuch (and that þy a very ſmall Degree of it) 
to make them recede from each other, and he. 
come ſpecifically lighter than common Air, 
how comes it to paſs, that all the Particles of 
Water, as ſoon as, or before it boils, have not 
their repulſive Forces thus augmented, fince 
they are all under a much greater Degtee d 
Heat, than is neceſſary to raiſe Vapour ? 

Secondly, Allowing that they may riſe of 
from the Surface of the Water, and float i 
the circumambient Air, as being lighter than 
it, why do not their repulſive Forces, as the 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greate 
Diſtances from each other, and ſo cauſe them 
to continue lighter than the Air about thema 
all Heights ? 

Thirdly, If the Preſſure of the Air abou 
them, when near the Surface of the Earth, i 
not ſufficient to bring them into ſo cloſe Cong 
tact, as to form Drops of Water there, whak 
Force will they find ſufficient for it, when they 
are carried aloft into a Region of Air, whert 
the Preſſure is not near ſo great? The Doo 
hints, that they are formed into Rain, © whe 
by the great Diminution of the ſpecific Graz 
« yvity 
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« yity of the Air about a Cloud, it has a great 
« Way to fall, in which Caſe, he ſays, the 
« Refiſtance of the Air, which increaſes as 
« the Square of the Velocity of the deſcend- 
ing Cloud, cauſes the floating Particles of 
« Water to come within the Power of each 
* other's Attraction, and form ſuch big Drops 
* as, being ſpecifically heavier than any Air, 
« muſt fall in Rain.“ But as the inferior Air, 
form the Cloud to a conſiderable Depth below 
t) cannot be ſuppoſed to leave it all at once, 
the Vapours mult neceſſarily fall all the Way 
rough a reſiſting Medium; fo that the little 
ſelocity the Cloud can acquire, while it is in 
he Form of Vapour, will never produce a 
+ Mkcliſtance from the Air greater than the Preſ- 
tbel e which the Vapours ſuſtained below. 

wen Lai, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
en pour formed without the Aſſiſtance of Air, 
immediately condenſed into Water again, as 
bon as it is ſuffered to cool: Which is widely 
boull afferent from what happens to Vapours buoyed 
into the colder Regions of the Air, and 
Con! ting there, till they fall in Rain. 


thed Theſe are all, or the principal Hypotheſes, 
lat have been framed for the Solution of this 
ommon Phenomenon : Which as they ſeem 
adequate to the Effects produced, and there- 
re unſatisfactory, I thought it not amiſs to 


P 4 ſag- 
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ſuggeſt to the Reader the chief Difficulties, with I Qu 


which I conceive them to be attended. But as 


aga 

it is caſier to pull down, than to build up, to ma 
overturn a weak Hypotheſis, than to raiſe and 

ſupport a ſtror.g and ſuficient one ſo, I muſt bon 

own, in this Cafe, I can think of no Way fie 

Vin 


accounting for the Riſe of Vapours, according 
to the received Principles of Philoſophy, 
jay wherein their Nature conſiſts. Upon this 
Account it is impoſſible I ſhould give a Phi. 
loſophical Accour: of their Reſolution into 
Rain. It muſt ſuffice juſt to mention the Caute 

which are obſerved to produce that Change. 
The firſt is art of the Air beneath them 
being carried away by contrary Winds blowing 
from the ſame Place *, the Remainder be. 
comes too light to buoy them up, and ſo the 
upper ones, in all Probab: ty, precipitate down 
upon the lower ones, unite with them, and 
form Drops of Rain +. Another is, great 
a= 


if they fall, ſhould not produce much Rain. : 

Now, in anſwer to this, it muſt be conſidered, that as the n. 
ierior Air is carried away from any Place by contrary Winds, the 
Height of the Atmoſphere is diminiſhed thereby; wherefore, in 
all Probability, the ſuperior Air ruſhes in by a contrary Corrent 
to fill up the Vacuity at the Top, which bringing in its Contents 
of Vapour affords a continual Supply for the Rain that falls. 

+ A remarkable Inſtance we have of this, in that Part of the 


Atlantic Ocean, which the Sailors call the Rains, (ſee Dips ) 
rom 
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Quantities of them, being driven by the Winds 
againſt the Sides of Mountains, are thereby 
made to coaleſce, and ſo conſtitute Rain “. 


It 


from the frequent Rains that fall there: the Occaſion of which 
i: that the Atmoſphere is diminiſhed by continual contrary 
Winds blowing from thence, to that it is not able to ſuſtain the 
Vepour it re *1ves, 

Upon this depends the Difference of the Seaſons of the Year 
2 Malabar and Cromandel in the Enft Indies, and at Fanaica 
in tie Welt. See Dr. Cradons Diſcourſe on the Cauſes of the 
(huge of Weather, Philoſophical Tranſactions, No. 17. 
« The Rivers of Indus and Ganges, ſays he, where they enter the 
Ocean, contain between thera a large Cherjoneſus, which is di- 
« vided in the Middle oy a Ridge of Hills, which they call the 
« Gate, which run along from Eaſt to V/eft, and quite through 
« to Cape Comor i. On the one Side is Malabar, and on the other 
« Coromandel, On the Malabar Side, between that Ridge of 
Mountains and the Sea, it is after their Appellation Summer 
ſtom September till April; in which time it is always a clear 
„Sky. without once, or very little Raining. On the other Side 
the Hills, on the Coaſt of Cor:mandel, it is at the ſame Time 
© their Winter, every Day and Night yielding Abundance of 
* Rain; and from 4pri/ to September it is on the Malabar Side 
« their Winter, and on the other Side their Summer: So that 
* in little more than twenty Lezgues Journey in ſome Places, as 
* where they croſs the Hills to St. Thomas, on the one Side cf 
* the Hill mau aſcend with a fair Summer; on the other you 
* deſcend with a ſtormy Winter. The like is ſaid to be at Cape 
* Raza/zate in Arabia. And Dr. 7Tropham relates the ſame of 
* Jamaica, intimating that there 1s a Ridge of Hills which runs 
* from Eaſt to Weſt, through the midſt of the Iſland, and that 
the Plantations on the South Side of the Hilis have, from 
Member to April, a continual Summer, whillt thoſe on the 
North Side have as conſtant a Winter, and the contrary from 
* April to November. 

„From theſe and uch like Accounts it ſeems evident, that a 
* bare leſſening of the Atmoſphere's Gravity will not occaſion 
Rain, but thac there is alio needful either a ſudden Change of 
Winds, or a Ridge of Hills to meet the Current of the Air and 
" Vapours, whereby the Particles of the Vapours are driven to- 
ether, and fo fall down in Drops of Rain. And hence it is, 

c that 


Diſt 
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It is generally thought, That if the Vapour 
in their Deſcent paſs through a Region of Air 
ſufficiently cold, they are there frozen into Mhhe 1 

Teicles, Mour: 


„that whilſt the Wind blows from the North-eaft, vir. fron prob: 
November to April (ſee the Account of the Monſoons in the nd | 
foregoing Diſſertation) ** there are continual Rains in the north. | ; 
« erly Plantations of Jamaica, and on the Side of Coromandel Point 
*« in the Eaſt-Indies, becauſe the Winds beat againſt that Side Mt the 
of the Hills; and fo there is fair Weather on the other Side 

« of theſe Hills, in Malabar and in the ſouthern Plantations of nd f 
„% Jamaica, there being no Winds to drive the Vapours toge- 
„ther. But in the ſoutherly Monſoons, wiz. from April to N. 
« vember, Malabar and the ſoutherly Plantations of Famaic 


A 


« have Floods of Rain, the Wind beating againſt that Side of Ha 
the Hills, whilſt in Coromandel, and the other Side of 7 amaica, Main 
„ there is fair and clear Weather. " th 
« This ſerves alſo to clear the Singularity of Sea/ons in Pere, BW" tne 
« beyond any other Parts of the Earth, and ſeems to be aſſgnel il. 
* by Acaſta as the Cauſe of it. Peru runs along from the Lin Coorſ 
«+ Southwards about a thouſand Leagues. It is ſaid to be divided. 1. 
y the 


« into three Parts, long and narrow, which they call Lam, 7 ne 
« gierras, and Andes; the Lanes, or Plains, run along the South; f Vi 
«+ Sea Coaſt ; the Sierras are all Hills with ſome Vallies; and 
the Andes ſteep and craggy Mountains. The Lanos have ſome " 
ien Leagues in Breadth, in ſome Parts leſs, and in ſome more; Hals! 
the Sierras contain ſome twenty Leagues in Breadth, the 4 

** 23 much, ſometimes more, ſometimes leſs ; they run in Length the 4 
«© from North to South, and in Breadth from Eaſt to Weſt. This 
** Par: of the World is ſaid to have theſe remarkable Things; 
** 1. All along the Coaſt. in the Lanes, it blows continually wit 
* one only Wind, which 1s South and South-weſt, contrary tc 
* that which uſually blows under the torrid Zone. 2. It nevet 


e rains, thunders, ſnows, or hails in all this Coaſt, or Lam: Aril, 
„though there falls ſometimes a ſmall Dew. 3. Upon th 7 
Andes it rains almoſt continually, though it be ſometime - it 
% more clear than other. 4. In the Sierras, which lie be - lik 
„ tween both Extreams, it rains from September to April, buff en 
in the other Seaſons it is more clear, which is when the Su: Kore, 
« is fartheſt off, and the contrary when it is neareſt. No- *"Y 
„ the Reaſon of all ſeems to be this; The eaftern Breezes * nſec 
* which blow conſtantly under the Live, being ſtopp'd in the ed 


« Courlt 
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rs Ilcicles, and form Snow. But this Opinion ſeems 
ir Mio be falſe; becauſe it frequently ſnows when 
to Nhe Barometer is high, at which Time the Va- 
„ Woours cannot begin to fall. It is therefore more 
probable, that they are firft frozen into Icicles, 
he and by that means ſhooting forth into ſeveral 
; Mfoints every Way from the Center (agreeably 
ide lt: the Nature of Freezing) loſe their Form; 
ie and ſo becoming ſpecifically heavier than Air 
all down, and in their Paſſage, ſeveral being 
congealed together, form Fleeces of Snow A. 
Hail is evidently no other than Drops of 
Rain congealed into Ice. This happens, when 


n their Paſſage through the inferior Air, they 


* Courſe by the Sierras and Andes, and yet the ſame Breezes 
being to be found in the South-Sea beyond Peru, as appears 
# by the eaſy Voyages from Peru to the Philippines, a Current 
" of Wind blows from the South on the Plains of Peru, to ſup- 
ly the eaſtern Breeze on the South-Seas, and there being but 
one conſtant Gale on theſe Plains, and no contrary Winds or 
# Hills for it to beat upon, this ſeems to be the Reaſon why the 
* Vapours are never or very ſeldom driven into Rain. And 
* the Andes being as high perhaps in many Places as the Va- 
' pours aſcend in the higheſt Degree of the Atmoſphere's Gra- 
* vity, this may probably be the Reaſon, why the eaſtern 
Breeze, beating conſtantly againſt theſe Hills, occafions Rain 
* upon them at all Seaſons of the Year. And the Sierras being 
*It ſeems lower than the Audes, therefore from September to 
* f;ril, when the Sun is neareſt, and ſo the Atmoſphere's 
* Gravity leſs, and the Vapours lower, they are driven againſt 
the Sierras into Rain.“ 


e be The like is to be ſaid of other Countries. They are all, ceteris 
doll , more or leſs rainy, as they are more or leſs mountainous, 
, Sur Egypt, which is quite without Mountains, has feldom or 
Nod er ny Rain; but is plentiſully watered by the Nie, which 
deze riſes above its Banks, and overflows the Country. 

thei, | ee a Diſcourſe on the Nature of Snow, Philoſophical 


ſunſactions, Ne. 92, 
meet 
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meet with nitrous Particles, which are knoy 
to contribute greatly to Freezing. The 
Magnitude is owing to a freſh Acceſſion of L 
Matter, as they paſs along. Hence we ſee the 
Reaſon why Hail is ſo frequent in Summer 
becauſe at that Time greater Quantities of Nitr 
are exhaled from the Earth, and float up and 
down in the Air. 

If the Vapours, after they are exhaled fro 
off the Waters, do not riſe very high in the 
Atmoſphere, but hover near the Surface of thy 
Earth, they then conſtitute what we call! 
Fog. And, if they aſcend higher, they {ti 
appear in the ſame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are a 
an equal Height with them; though to thoſe 
who are below, they appear as Clouds, 

If they fall to the Earth, without uniting 
into Drops, large enough to be called Rain 
they are then ſaid to fall in Dew. 
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See farther on this Subject, Derham's Phy! 
Theolog. Book I. Chap. 3, and Book Il 
Chap. 5. Spectacle de la Nature, Dialog. 21 
and 23. Nicuwentyt Contempl. 19. Clare“ 
Motion of Fluids. Regnault, Vol. III. Con 
verſat. 7. Muſſchenbroek Epitom. Phyſ. Ma 
themat. Par. II. Cap. 24. Melchior Verar! 


in! 
Phyſic. Pars ſpecial. Cap. V. &. 8. And thq bal 
Authors referred to in Mr. Jhnſon's Quæſtioneq i; } 


Philoſoph. Cap. IV. Quæſt. 7. 


DIS 
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DISSERTATION VIL 


the 
160 the Cauſes of Thunder and Light- 
ul ning, and of the Aurora Borealis. 


HOSE Philoſophers, who maintain that 
Vapours are buoyed up into the Air, by 
W.:cticles of Fire adhering to them (as ex- 
plained in the foregoing Diſſertation) account 
or the Phenomena of Thunder and Lightning, 
n the following Manner: They ſuppoſe, that 
n the Particles of Sulphur, Nitre, and other 
mmbuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
if the Atmoſphere, together with the aſcend- 
ns Vapours, is formed an inflammable Sub- 
ance ; which, when a ſufficient Quantity of 
ery Particles is ſeparated from the Vapour by 
hte Colliſion of two Clouds, or otherwiſe, 
es Fire, and ſhoots out into a Train of 
Loht, greater or leſs, according to the Strength 
id Quantity of the Materials. 
The Opinion is falſe for the Reaſons men- 


ad in the foregoing Ditlertation, which 
art ainly ſhow, that it is impoſſible the Vapours 
| Aud be attended with ſuch fiery Particles, 
100: is here ſuppoſed. 


Neither 
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Neither have we Occaſion to fly to ſuch a 
Hypotheſis ; for, as Vapours exhaled from th, 
Surface of the Water are carried up into the 
Atmoſphere ; in like Manner, the Effuvia d 
ſolid Bodies are continually afcending thithe: 
Now we find by Experiment, that there ax 


ſeveral inflammable Bodies, which, being mix : 
ed together in due Proportion, will kindle int”? 
Flame by Fermentation alone *, without th Xt 
Help of any fiery Particles T. When ther — 
tori" 
ning 
* See the Theory of Fermentation explained in the followin ſult 
Diſſertation. For 
+ Monſieur Lemery having covered up in the Earth about fit N 
Pounds of a Mixture compoſed of equal Parts of Sulphur, 2 00 
Filings of Iron tempered with Water ; after eight or nine Hou vio! 
Time, the Earth, where it was laid, vomited up Flame 
Hiſt, de l' Acad. 1700. p. 574. 
From this Experiment we ſee the true Cauſe of the Fired bore 
LEtna and Viſuvias, and other burning Mountains. They pre 4 
bably are Mountains of Sulphur, and ſome other Matter prop - 


to ferment with it, and take Fire. From like Cauſes procee 
the Heat of Bath-Waters, and other hot Springs. 

Mix a ſmall Quantity of Gun- Powder with Oyl of Cloves, po ey 
gently upon this Mixture two or three times as much Spirit ad 
Nitre, and you will obſerve a bright Inflammation ſudden The 
ariſing from it. A Mixture of the two Fluids alone will take Fire 
the Powder is added only to augment the Inflammation. 1} 

Take two Pounds of Nitre, or refined Salt-Petre, well dried an © 
reduced to the fineſt Powder, with a Pound of Oyl of comm Th 
Vitrio! : From this Mixture may be drawn by Diſtillation a Spit 4 


of Nitre capable of inflaming Oyl of Turpentine. Mem. « uy 
PAcad. 1726, p. 97, &c. Put into a Glaſs an Ounce of ti Hh 
Spirit of Nitre, with an Ounce of Oyl of Vitriol ; pour upon it * 
equal Quantity of Oyl of Torpentine, and a very fine Flame w. 3 


ariſe ſuddenly with a great Exploſion. When the Liquors 3 
freſh the Effect is much greater. If we mix a Dram of the Spill , [ 


of Nitre, and three of Oyl of Turpentine, with only one of % þ 14 1 
Spir 
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fore there happens to be a proper Mixture of 
the Efluvia of ſuch Bodies floating in the 
Air, they ferment, kindle, and flaſhing like 
Gun-powder, occaſion thoſe Exploſions, and 
Streams of Fire, which we call Thunder and 
Lightning. 

As to the particular Species of the Efluvra, 
which compole this Mixture, that cannot ex- 
ly be determined; they are thought to be 
chiefly ſulphureous and nitrous : ſu/phureous, 
becauſe of the ſulphureous Smell which Light- 
ning generally leaves behind it, and of that 
ſultry Heat in the Air which is commonly the 
Fore-runner of it: nitrous, becauſe we don't 
WI now of any Body fo liable to a ſudden and 
Ha violent Exploſion, as Nitre is *. 

Flame | The 
Fire 
ey pre 


prop 
procee 


out fit 


Sirit of Vitriol, the Mixture will take Fire immediately. If the 
lame Experiment be made with the Balm of Mecca, © ſudden 
Flame will ariſe, with a Noiſe like that of the Report of a Gun. 

There are two celebrated Experiments of this Kind, though 
hey do not come up exactly to the preſent Purpoſe, becauſe 
they will not ſucceed, unleſs the Ingredients be firſt heated, the 
ne of Aurum fulminant, and the other of Pulvis fulminans. 
The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Au Regia. A ſmall Quantity of this, if put into a Braſs Spoon, 
and heated with. the Flame of a Candle, cauſes a ſudden Noiſe 


es, po 
Spirit 
'uddenl 
ke Fire 


_ relembling that of Thunder; and goes off with great Violence. 
a Spit The other is a Mixture of three Parts of Nitre, two of Salt of 
lem. d Tartar, and one of Sulphur. This Mixture when ſet upon the 
of th Fire, and warmed to a certain Degree, is diſſipated all on a ſud- 
pon i ben with great Thundering, like the Aurum fulminans. 

ame Wi See an Account of Exhalations taking Fire of their own 
1uors 2 * in Coal-Pits. Powwer's Experimental Philoſophy, p. 62. 

MS 151, 
wy * Dr. Lifter is of Opinion, That the Matter both of Thunder 


Spi and Lightning, and alſo of Earthquakes, is the EFuvia of the 
Pyrites, 
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The Effects of Thunder and Lightning ar 


owing to the ſudden and violent Agitation the — 
Air is put into thereby, together with the * 
Force of the Exploſion *; and not to Thun. * 
derbolts falling from the Clouds, as ſuppoſed 4 
by the Vulgar . 


Pyrites; as he does, that the Matter of Vulcano's is the Pyrit n 
itſelf. This is a Mineral that emits copious Exhalations, and Feet 
exceedingly apt to take Fire upon the Admiſſion of Moiſture 
See the Doctor's Defence of his Notion in the Philoſophi 
Tranſactions, No. 157. He thinks this may be the Reaſon wh 
England is ſo little troubled with Earthquakes, and 7tah, and 
almoſt all Places round the Mediterranean Sea, ſo very much 
dix. becauſe the Pyrites are rarely found in England; and 
where they are, they lie very thin, in Compariſon of what the 
do in thoſe Countries: as the vaſt Quantity of Sulphur, emit 
from the burning Mountains there, ſeems to ſhew. 

* Lightning is ſaid to have diſſolved Silver, without burring 
the Purſe it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occaſion of thi 
may poſſibly be, that the Matter of the Exhalation may be ſ 
ſubtle and penetrating, that, as we ſee it happens with 4u 
Fortis, or volatile Salts, it may paſs through ſoft Bodies with 
out altering their Texture, while it ſpends its whole Force ot 
hard ones, in which it finds the greater Reſiſtance, 

+ Some are inclined to think, that "Thunderbolts are ht 
ficial, and that they were applied by the Ancients to ſome Ule 
W hat confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been, than in othe 
Places. And, as it was the Cuſtom of the Ancients to hart 
their Arms buried with their Aſhes, they think they might be 
of ſome Uſe in War. _— are of Opinion, they were uſed 


Sacrifices, See Melchior Verdries Phyſic. Pars ſpecial. Cap. VWs. 7 
F. 9. Wedelins Exercit. Med. Philol. Cont. II. Dec. I. p. 10% Ex 
Schminckius Prof. Marpurg. Diſſertat. de Urnis Sepulchralibu: ip Tanu 


& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret WW an: 
Weſtphal. Mimipard. Gentil. p. 44. Je. Henr. Char ſeg of , 
Oſſileg. Hifttor. Phyſic. p. 44. ie appe; 


The 
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The Diſtance the Thunder is from us, ma 
nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
the Thunder, For, as the Motion of Light is 
ſo very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
and Feet in a Second; allowing a thouſand 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty nearly, 
fom whence the Thunder comes. 

We ſometimes ſee Flaſhes of Lightning, 
though the Sky be clear and free from Clouds; 
n this Caſe they proceed from Clouds, that 
e immediately below our Horizon. 


Of Affinity with the Phenomena of Light- 
ling are thoſe of the Aurora Borealis, or Nor- 
ern Lights, which, of late Years, have very 
requently appeared in our Climate &. Theſe 

'ghts differ ſo much from each other, that to 
«ve a Deſcription of one alone, would not be 


" Phenomena of this Kind are reported to have been very 
quent in Greenland, Iceland, and Norway, Countries near the 
ue, The only ones, that are upon Record, as having appear- 
Win England, before that of March the 6th, 1754, are thoſe 
| January the 3oth, 1560, Odftber the 7th, 1564, November 
eh and 15th, 1574, and a {mall one ſeen near Londen on the 
it of Auguſt, 1708. On November the 16th, 170%. a ſmall 
te appeared in Ireland. Since that of March the 6th, 1735, 
y have been, and ſtill continue very common. 


bo ſuffici- 


P 
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ſufficient to acquaint the Reader with all the 

Circumſtances wherewith they are attended, MW } 
I ſhall therefore collect together ſuch Phe. 

mena, as have been moſt generally obſerved, MI i 
and reduce them to the ten following Propof. 
tions, adding in the Notes, by Way of Spec: 
men, a full Account of that moſt remarkable 
Aurora, which was ſeen March the 6th, 171 
as it was laid before the Royal Society by Dr 
Halley, at their Requeſt +. 


The 


+ © On Tue/day the 6th of March, in the Year 1916 (the 4 
* ternoon having been very ſerene and calm, and ſomey 
* warmer than ordinary) about the Time it began to grow dar 
* (much about ſeven of the Clock) not only in London, but i 
« all Parts of England, where the Beginning of this wonderf 
« Sight was ſeen; out of what ſeemed a 0 4 Cloud, in t 
«© North-eaſt Parts of the Horizon, and ſcarce ten Degrees big 
the Edges whereof were tinged with a reddiſh Yellow, like 
„if the Moon had been hid behind it, there aroſe very lo 
luminous Rays, or Streaks perpendicular to the Horizon, ſo 
« of which ſeemed nearly to aſcend to the Zenith. Preſently 
ter, that reddiſh Cloud was ſwiftly propagated along t 
« northern Horizon into the North-weſt, and ſtill farther well 
« ly; and immediately ſent forth its Rays from all Parts, nc 
„here, now there, they obſerving no Rule or Order in their 
«+ ſing. Many of thoſe Rays, ſeeming to concur near the Zenit 
formed there a Corona, or Image, which drew the Attent! 
« of all Spectators. Some likened it to that Repreſentation 
« Glory, wherewith our Painters in Churches ſurround the Ho 
Name of Ged. Others to thoſe radiating Stars, wherew: 
the Breaſts of Knights of the Order of the Garter are adorne 
Many compared it to the Concave of the great Cupola of 
* Paul's Church, diſtinguiſhed with Streaks alternately lights 
** obicure, and having in the Middle a Space leſs bright than 
«« reſt, reſembling the Lanthorn. Whilſt others, to expreſs 
« well the Motion as Figure thereof, would have it to be like t 
Flame in an Oven, reverberated and rolling againſt 24 
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The moſt general Phenomena of an Aurora 
Borealis are theſe that follow. 
1. In the northern Parts of the Horizon, 


there is commonly the Appearance of a very 
black 


« Roof thereof : Some thought it liker to that tremulous Light, 
« which is caſt againſt the Cieling by the Beams of the Sun, re- 
« flefted from the Surface of the Water in a Baſon, that's a little 
© ſhaken, But all agree, that this Spectrum laſted only a few 
„Minutes, and exhibited itſelf variouſly tinged with Colours, 
« Yellow, Red, and a duſky Green : Nor did it keep in the 
« ſame Place; for when firſt it began, it appeared a little to the 
« Northwards of the Zenith, but by Degrees declining towards 
the South, the long Striæ of Light, which aroſe from all 
« Parts of the Northern Semicircle of the Horizon, ſeemed to 
meet together, not much above the Head of Caftor, or the 
northern Tavin, and there ſoon diſappeared. 

After the firſt Inpetus of the aſcending Vapour was over, 
« the Corona appeared no more; but ſtill, without any Order, 
gs to Time or Place, or Size, luminous Radii, like the forme-, 
* continued to ariſe perpendicularly, now oftener, and again 
« ſeldomer ; now here, now there; now larger, now ſhorter. 
Nor did they proceed, as at firſt, out of a Cloud, but oftener 
* would emerge at once out of the pure Sky, which was more 
than ordinary ſerene and till. Nor were they all of the ſame 
« Form. Moſt of them ſeemed to end in a Point upwards, 
like ere Cones ; others like truncate Cones, or Cylinders, 
* ſo much reſembling the long Tails of Comets, that at firſt 
„Sight they might well be taken for ſuch, Some of thoſe 
Rays would continue viſible for ſeveral Minutes; when others, 
* and thoſe the much greater Part, juſt ſhewed themſelves, and 
died away. Some ſeemed to have little Motion, and to ſtand, 
* as it were, fixed among the Stars, whilſt others, with a very 
« perceptible Tranſlation, moved from Eaſt to Weſt under the 
* Pole, contrary to the Motion of the Heavens; by which 
Means they would ſometimes ſeem to run together, and at 
* other Times to fly one another. 

After this Sight had continued about an Hour and a half, 
* thoſe Beams began to riſe much fewer in Number, and not near 
" ſoliigh ; and by Degrees, that diffuſed Light, which had illu- 
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black Cloud; but it is evident that it is ng 
real Cloud, becauſe the ſmalleſt Stars are yi. 
ſible through it. This apparent Cloud is ex. 
tended ſometimes farther towards the Weſt, 

than 


* ſtrated the northern Parts of the Hemiſphere, ſcemed to ſub. 
« fide, and ſettling on the Horizon, formed the Reſemblance of 
a very bright Crepuſculum. That this was the State of this 
«+ Phenomenon, in the firſt Hours, is abundantly confirmed by the 
« unanimous Conſent of ſeveral. For, by the Letters we hatt 
« received from almoſt all the extreme Parts of the Kingdom, 
* there is found very little Difference from what appeared a 
London and Oxford; unleſs that in the North of England, 
and in Scotland, the Light ſeemed ſomewhat ſtronger and 
brighter. 

6 Hitherto I have related the Obſervations of others; 2 U 
«« myſelf, I had no Notice of this Matter, till about nine of the 
Clock: I immediately perceived toward the South and South- 
*« weſt Quarter, that though the Sky was clear, yet it was tinged 
with a ſtrange Sort of Light; ſo that the ſmaller Stars were 
* ſcarce to be ſeen, and much as it is when the Moon of four 
Pays old appears after Twilight. I perceived at the fime 
Time a very thin Vapour to paſs before us, which aroſe from 
«« the preciſe Eaſt Part of the Horizon, aſcending obliquely, ſo 
„ as to leave the Zenith about fifteen or twenty Degrees to the 
*« Northward. But the Swiftneſs, wherewith it proceeded, wa: 
*« ſcarce to be believed, ſeeming not inferior to that of Light- 
„ ning; and exhibiting, as it paſſed on, a Sort of momentaneou: 
„ Nubecula, which diſcover'd itſelf by a very diluted and feint 
«« Whiteneſs; and was no ſooner formed, but, before the Eye 
could well take it, it was gone, and left no Signs behind it, 
Nor was this a ſingle Appearance; but for ſeveral Minutes, 
about ſix or ſeven Times in a Minute, the ſame was again and 
again repeated; theſe Waves of Vapour regularly ſucceeding 
* one another, and at Intervals very nearly equal; all of them 
in their Aſcent producing a like tranſient Nubecula. 

„ By this Particular we were firſt aſſured, that the Vapour ve 
ſaw, became conſpicuous by its own proper Light, withoutthe 
+ Help of the Sun's Beams; for theſe Nubeculæ did not diſcover 
*« themſelves in any other Part of their Paſſage, but only between 


the South-ealt and South, where being oppoſite to the — 
& they 
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than to the Eaſt; ſometimes farther towards 
the Eaſt, than to the Weſt ; and generally takes 
up a Quarter of the Horizon, more or leſs. 

2. The 


« they were deepeſt immerſed in the Cone of the Earth's Sha- 
„dow; nor were they viſible before or after. Whereas the 
« contrary muſt have happered, had they borrowed their Light 
« from the Sun: 

On the weſtern Side of the northern Horizon, viz. between 
« Weſt and North-weſt, not much paſt ten of the Clock, I ob- 
« ſerved the Repreſentation of a very bright Twilight, con- 
« tiguous to the Horizon, out of which aroſe very long Beams 
« of Light, not exactly ere towards the Vertex, but ſom thing 
« declining towards the South ; which, aſcending by a quick 
and undulating Motion to a conſiderable Height, vaniſhed in ' 
„ little Time; whilſt others, though at uncertain Interval, 
« ſapp ici their Place, But at the ſame Time, through all the 
ett of the northern Horizon, viz. from the North-weſt to 
« the true Zaſt, there did not appear any Sign of Light to ariſe 
« from, or join to, the Horizon ; but what appeared to be an 
* exceeding black and diſmal Cloud, ſeemed to hang over all 
that Part of it. Yet was it no Cloud, but only the ſerene Sky, 
more than ordinary pure and limpid, ſo that the bright Stars 
* ſhone clearly in it, and particularly Canuda Cygni, then very 
* low in the North; the great Blackneſs manifeſtly proceeding 
from the Neighbourhood of the Light, which was collected 
* above it. For the Light had now put on a Form quite different 


from all that we have been deſcribing, and had faſhioned itſelf 


* into the Shape of two Laminæ, or Streaks, lying in a Poſition 
parallel to the Horizon, whoſe Edges were but ill terminated. 
They extended themſelves from the North by Eaſt to the 
* North-eaſt, and were each about a Degree broad ; the under- 
* moſt about eight or nine Degrees high, and the other about 
four or five Degrees over it; theſe kept their Places for a long 
„Time, and made the Sky ſo light, that I believe a Man might 
* exfily have read an ordinary Print by the Help thereof. 

* Whilſt I was viewing this ſurpriſing Light, and expecting 
* what was farther to come, the northern End of the upper La- 
nina by Degrees went downwards, and at length cloſed with 
the End of the other that was under it, ſo as to ſhut up on the 
North Side an intermediate Space, which ſtill continued open 
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2. The upper Edge of this Cloud (which 


is ſometimes within leſs than ſix Degrees of 
the Horizon, and ſometimes forty or fifty above 


It) 


to the Faſt. Not long after this, in the ſaid included Space,] 
ſaw a great Number of ſmall Columns, or whitiſh Streaks, to 
appear ſuddenly erect to the Horizon, and reaching from the 
one Lamina to the other ; which inſtantly diſappearing, were 
too quick for the Eye, ſo that I could not judge, whether they 
aroſe from the under, or fell from the upper; by their ſudden 
Alterations, they made ſuch an Appearance, as might vel 
enough be taken to reſemble the Confli of Men in Battle, 
And much about the ſame T'ime, there began on a ſuddento 
appear, low under the Pole, and very near due North, three or 
four lucid Areas, like Clouds, diſcovering themſelves in the 
pure but very black Sky, by their yellowiſh Light. I hee, z 
they broke out at once, ſo after they had continued a fey 
Minutes, diſappeared as quick, as if a Curtain had been drawn 
over them : Nor were they of any determined Figure, but both 
in Shape and S ze might properly be compared to (mall 
Clouds illuminated by the full Moon, but brighter. 

Not long after this, from above the ſoreſaid two Laning, 
there aroſe a very great Pyramidal Figure, like a Spear, ſbatp 
at the Top, whole Sides were inclined to each other, with an 
Angle of about four or five Degrees, and which ſeemed to 
reach up to the Zenith, or beyond it. This was carried with 
an equable, and not very flow Motion, from the North: ea, 
where it aroſe, into the North-weſt, where it diſappeared, (ill 
keeping in a perpendicular Situation, or very near it; ard 
paſſing ſucceſſively over all the Stars of the Jittie Bear, did 
not efface the ſmaller ones in the Tai!, which are of the fifth 
Magnitude ; ſuch was the extream Rariety, and Perſpicuity 
of the Matter whereof it conſiſted. 

* This ſingle Beam was very remarkable for its Height above 
all thoſe, that, for a great while before, had preceded it, ot 
that followed it. 


It being now paſt eleven of the Clock, and nothing new of- 


* fering itſelf to our View, but repeated Phaſes of the ſame 


14 


Spectacle; I obſerved, that the wo Laminæ, or Streaks, 
parallel to the Horizon, had now wholly diſappeared ; and 
the u hole SpeQacle reduced itſelf to the Reſemblance of a very 

40 bright 
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it) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broad, 
whoſe Center is below the Horizon. Some 

times 


« bright Crepuſculum ſettling on the Northern Horizon, ſo as to 
« be brighteſt and higheſt under the Pole itſelf ; from whence it 
« ſpread both Ways into the North-eaſt and North-weſt. Un- 
der this, in the Middle thereof, there appeared a very black 
« $7ace, as it were the Segment of a leſſer Circle of the Sphere 
„cut off by the Horizon. It ſeemed to the Bye like a dark 
Cloud, but was not ſo ; for by the Teleſcope the ſmall Stars 
« appeared through it more clearly than uſual, conſidering 
„bow low they were: And upon this as a Baſis, our Lumen 
* Auroriforme reſted, which was no other than a Segment of a 
Ring, or Zone of the Sphere, intercepted between two pa- 
4 alle! leſſer Circles, cut off likewiſe by the Horizon ; or the 
" Seement of a very broad Iris, but of one uniform Colour, 
„ix. a Flame- Colour inclining to Yellow, the Center thereof 
being about forty Degrees below the Horizon. And above 
this there were ſeen ſome Rudiments of a much larger Seg- 
„nent, with an Interval of Sky between, but this was ſo ex- 
« ceeding feint and uncertain, that I could make no proper 
« Eſtimate thereof. 

I attended this Phænomenon till near three in the Morning, 
„nd the Riſing of the Moon: But for above two Hours toge- 
* ther it had no Manner of Change in its Appearance, nor Di- 
ninution, nor Increaſe of Light; only ſometimes, for very 
« fhort Intervals, as if new Fewel had been caſt on a Fire, the 
Light ſeemed to undulate and ſparkle not unlike the riſing of 
" 2 vaporous Smoak out of a great Blaze when agitated. But 
one Thing I aſſured myſelf of, that the r:is-like Figure did by 
no means owe its Origin to the Sun's Beams: For that about 
"three in the Morning, the Sun being in the Middle between 
the North and Eaſt, our Aurora had not followed him, but 
" ended in that very Point where he then was: Whereas in the 
" true North, which the Sun had long paſſed, the Light re- 
* mained unchanged, and in its full Luſtre.“ 

Appearances of this Kind have been taken Notice of both by 
Pliny, Seneca, and Ariſtotle ; the laſt of which calls the vibrating 
Light near the Zenith, Aale; the more ſteady perpendicular 
neams, Geb; and the Aurora niclt, from the apparent dark 
Uoud juſt below it, au. T hat Aurora which was obſerved 


by 
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times there are two or more of theſe Arches, 
one above another. In ſome, the Cloud is not 
terminated by an Arch, but by a long bright 


Streak 


by Monſieur G endi in Provence, on the 21ſt of September, in 
the Year 1621, was very remarkable, at that Time 

He tells vs, that about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, thee 
appeared in the North a Sort of a riſing Morn, which alcend- 
irg by Degrees, became intermingled with cert-in Streals, 2 
it were, or Rays perpendicular to the Horizon: Ard that at the 
ſame Time there appeared ſome ſmill ping whitiſh Clouds 
between the South and the Place of the Sun's ſetting in Winter; 
and that in the Place where the Sun iets n Summer, a bright 
Redneſs ſeemed to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Equinox ; and 
which was diſtinguiſhed into three fever l Pyramids, which in 
a little Time were confounded one with another, and at lab 
diſappearcd. When this Redneſs ceaſed, the northern Whitereß 
was riſen forty Degrees and more, that is, about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up near 
ſixty Degrees of the Horizon. After this, certain Chewrons, or 
Columns of Rays, ſome whiter, and ſome a little darker, began 
more plainly to be diſtinguiſhed, of about two Degrees in 
Breadth, and perpendicularly poſited ; fo that all that Part ap- 
peared as it were fluted. The whole Circomference imme- 
diately appeared ſcalloped ; and then ſome of thoſe Columns 
which were in the Micdle, and that were the whiteſt, began a 
it were to leave their Places with great Impetuoſity, and in leſs 
than a Quarter of a Minute, raiſed themſelves almoſt to the 
Top, putting on the Form of Pyramids, which they would te. 
tain four or five Minutes, It was about nine of the Clock, 
when the Arch of Whiteneſs began to decreaſe or fink ; 2t 
which Time certain very white Streams of Smoke began to 
iſſue out from the Columns which were remaining under the 
Pyramids, and darting upwards with very great Ra pidity 
through the Pyramids, like Javelins, vaniſhed immediately 
when they came to the Tops of them. This SpcQacle laſted 
about an Hour; after which the Whiteneſs ſunk down to 


about ſix Degrees of the Horizon. Vide Abreg de Gaſſendi, 
Tom. V. P. 245. Th 
's 
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treak of Light, lying parallel to the Horizon. 
The Limb of this luminous Arch, or parallel 
Sreak, is not always even and regular, but 
inks lower in ſome Parts, than in others. 

z. Out of this Arch proceed Streams of 
Light, generally perpendicular to the Horizon, 
tut ſometimes a little inclined to it. Moſt of 
them ſeem to end in a Point, like Pyramids 
ir Cones ; and often very much reſemble the 
Tails of Comets. Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 
the Streams ſeem to iſſue out from behind the 
uk Cloud, being diſtinct from each other at 
their Baſes. 

The upper Ends of the Streams inceſſant- 
ly appear and vaniſh again, as quick as if a 
Curtain were drawn backwards and forwards 
tefore them; which ſometimes cauſes ſuch a 
keming Trembling in the Air, that you would 


This Phenomenon appeared not only to Gaſſendi in Provence, 
but was ſeen at Places very diſtant from thence, as Toloſe. Mon- 
ben. Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. and 
«moſt ocher Places in France, and the neighbouring Countries, 
az lie to the Northwards of Provence, unleſs where it was in- 
rcepied by Clouds; but no where in ſuch as lie at any great 
Vikince to the Southward: of it. 

Morfieur Ga/Jendi is thoughr to have given the Name of 
fircra Borealis to this Phenomenon ; but this is obſerved by 
Monſieur Mairan, to be Iv iitake, See Mr. Mairan's Phy- 
ial ard tintocical *'revtrſe of the Aurora Borealis, in the 
Memo fes de  {cademie Rexale des Sciences, Annte 1731. or an 


doltract of it in Fniloloph. Tranſat. No. 431, 


imagine 
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imagine the upper Part of the Heavens to be, Nin 
as it were, in Convulſions “. * 

5. They ſometimes ſeem to megt in the Ze. 7 
nitb, or more commonly to the Southward of Ap 
it, about ten Degrees, more or leſs (ſometime; : 
they deviate a little to the South-eaſt of the Mer 
Meridian, and ſometimes to the South-weſt); Mc i 
and there curling round, in ſome Meaſure, imi- 
tate Flame confined under an Arch; and being 
frequently tinged with various Orders of Co- 
lours, exhibit a moſt beautiful Appearance, re- 
ſembling a Canopy finely painted +, of about 
ten or twenty Degrees in Breadth. 

In many Aurora's, there are Streams aſcend- 
ing from thoſe Parts of the Heavens, which lic 


ſeveral Degrees to the Southwards of the Cano - 5. 
Py ; and in ſome, they appear to ariſe, though Ming 
very rarely, almoſt as large and numerous to th 


from the ſouthern, as from the northern Parts Wer, 
of the Horizon. 

6. The Height of the Aurora Borealis | 
very great; for that of March the ſixth, 17% 
was viſible from the Weſt Side of Ireland, to 
the Confines of Ruf/ia and Poland on the 
Eaſt, and perhaps farther ; extending at leaſt 
over thirty Degrees of Longitude, and in La- 


* See their Motions well deſcribed in the Account we have 
of an Aurora in the Philoſoph. Tranſact. No. 395. Art. 2. 

+ See the various Colours of the Canopy, as well as thoſe IH ſer 
an Aurora itſelf, accurately deſcribed by Greenwood, in Philo- r ſuch 
ſoph. Tranſact. Ne. 418. Art. 1, | 


titude 
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x, Nutude from about the fiftieth Degree over al- 

moſt all the North of Europe, and at all Places 

- Nechibiting, nearly at the ſame Time, the ſame 
of Appearances. 
nes WM 7. Theſe Appearances have always been 
the very frequent (as far as the Accounts we have 
t); ef them inform us) in Countries that lie in, or 
ni- rear the frigid Zone, but very rare in thoſe 
ing Hol our Latitude; they are now become very 
.0- Wir:quent with us, but always ſeem to proceed 
re- tom the North; and are as yet unknown to 
out the Inhabitants of the more ſouthern Parts of 

our Hemiſphere. Whether they are ſeen to 
nd- Whoſe, who inhabit in, or near the other frigid 
dle Zune, is to us unknown. 
no- 8. In ſome, there are Trains of Light run- 
up Wiring horizontally, ſometimes from the Middle 
'0U3 Wt the Extremes, and ſometimes from one Ex- 
"arts reme to the other. And from theſe Trains 

ten ariſe Streams perpendicular to the ori- 
's n, and accompanying them as they paſs 
long. 
9. When all the Streaming is over, the Au- 
fra. Borealis commonly degenerates into a 
right Twilight in the North, and there gra- 
llly dies away. 

10. It is probable, that theſe Phenomena 
: ten happen in cloudy Nights, though we are 
hoſe of vt ſenſible of them; for tis obſervable, that 
uch Nights there is frequently more Light 
than 
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than what uſually proceeds from the Stu b 
alone. exe 
witl 
The moſt obvious Solution of the Aur; be C 
Berealis, or at leaſt what would appear of" r 
to ſuch as have only attended to the Circum 
ſtances of ſome particular ones, and which hy * 
accordingly been affixed by ſeveral * to thei. f 
Accounts of the Aurora's they have ſeen, is * 
that it is a thin Nitro- ſulphureous Vapour thoſ 
raiſed in our Atmoſphere conſiderably highe 2 
than the Clouds; that this Vapour by Fer 1 
mentation takes Fire, and the Exploſion o 2 
one Portion of it kindling the next, th * 
Flaſhes ſucceed one another, till the wh 
Quantity of Vapour within their Reach is ol «1, 
on Fire. lnb. 
dogs fe; 
* Profeſſor Cores, at the End of his Deſcripticn of a Phe * 
menon of this Kind, inſerted in the Philoſophical Tranſectia 1 ” 0 
No. 365, obſerves, that ſuppoſing a Fund of Vapours or Exh ae 
lations at a conſiderable Height above us to be diffuſed eve — 
Way into a large and ſpacious Plane, parallel to the Hein in , 
that Fund of mixed Matter by Fermentation will emit Streams 15 f 
and that, if the Wind be ſtill, they will aſcend perpendicularl 4 « K 
upwards ; otherwiſe they wi!! be inclined towards that Point! 5 1 
the Horizon which is oppoſite to thi Cn which the Win; be 


blows ; and that they will appcar, by the Rules of Perſpeftivgh, Th 
in the firſt Caſe, to converge to the SpeRtator's Zenith, in hill. 5 
other, to ſome Font not far from it; and that, if this Fund 2 
Vapours be ſituated more to the North than the South, it wil ks 
produce Streams of Light, attended with ſuch Circumſtances , = 
then appeared: But he does not ſay, why the Vapours ſhovg _ 
be ſituated rather to the North than to the South, or proceed 
account for all the Phanomena of the Aurora Borealis in gene! 
from thence, | 


Som 
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Some have thought, that Vapours rarefied 
Sun exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 
be diſpoſed to ſhine in the Night, and riſing 
up to the Top of the Atmoſphere, or even be- 
jond its Limits (as we find the Vapours of 
Gun-powder, when heated in Vacuo, will ſhine 
n the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
thoſe Undulations in the Air, which conſtitute 
this Phenomena. 

But theſe Hypotheſes have been rejected, as 
nſufficient ; it having been thought impoſſible 
b account for all the Circumſtances of the 
furora by them *. 


jn the Commentaries of the Academy of Sciences at Peters: 
lub, I find a late Solution of the Aurora Borealis from Exhala- 
tons fermenting and taking Fire in the Atmoſphere, which, the 
Author Chr. Maier ſays, occaſion the Appearance of the lucid 
Ach in the North, and think that the Streams, which ſeem 
þ iſſue from thence, ore no other than the Light of that Arch 
Meted to us from the under Side of ſome thin Clouds, that 
le above it. As to its appearing in the North rather than in the 
oath, he ſuppoſes that may be owing to the Cold of thoſe Re- 
dens condenſing the Exhalations, and thereby rendering them 
dere liable to ferment than they are in the ſouthern ; but 
Knowledges ingenuouſly, that he has no Reaſon to ſuppoſe 
Us, but its being neceſſary to his Solution. At the End he tells 
* That it was known in ancient Times as well as lately: But 
nits taking Notice, that it appears much oſtner of late Years 
d our Climate than it uſed to do; and ſo avoids accounting for 
ut Particular. Vid. Commentar. Academ. Scientiar. Imperial, 
Uropolitan, Tom I. p. 351. 


gener Dr. 
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Dr. Halley therefore has Recourſe to thy 
magnetic Effluvia of the Earth, which he ſup 
poſes to perform the ſame Kind of Circulatic; 
with Regard to it, as the Efluvia of any par 
ticular Terrella * do with reſpect to that, «y; 
that they enter the Earth near the South Pole 
and pervading its Pores, paſs out again at th 
ſame Diſtance from the northern : And think 
they may ſometimes, by the Concourſe of ſe 
veral Cauſes very rarely coincident, and to y 
as yet unknown, be capable of producing 
ſmall Degree of Light, either from the greate 
Denſity of the Matter, or perhaps from tl 
greater Velocity of its Motion; after the ſa 
Manner, as we ſee the EHuvia of Elefiri 
Bodies emit Light in the Dark, 

Monſieur de Mairan has given us a Phy 
cal and Hiſtorical Treatiſe of the Aurora B 
realis, and endeavours to prove that it is owin 
to the Zodiacal Light, or the Atmoſphere 
the Sun, ſpread on each Side of it along t 
Zodiac in the Form of a Pyramid. This, Nah 
ſays, is ſometimes extended to ſuch a Lengii he 
as to reach beyond the Orbit of our Earth, a F 
then mixing itſelf with our Atmoſphere, a ther 
being of an Heterogeneous Nature, producy OU 


* A round Magnet, ſo called from the Reſemblance it be lelve 
to the Earth. 


18 
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th the ſeveral Appearances, which are obſerved 
 fupMin the Aurora Borealis *, 


par 1 have juſt mentioned theſe two Solutions, 
dial becauſe they come from two very ingenious 
pole Philoſophers; though I doubt not but the Rea- 
it th der will agree with me, that they are much 
ink vo fine ſpun to hold, and that they are no 
of other than the ingenious Reveries of Perſons 
to fl determined to frame an Hypotheſis at any Rate. 
f [queſtion not, but we may find Materials for 
the Aurora Borealis, without going ſo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Effluvia of the 
Eath, or the Zodiacal Light, the Nature of 
both which we are wholly unacquainted with. 
The Materials employed in the firſt Solution 
mean ſuch Efluvia as are continually ex- 
haled from the Surface and Bowels of the 
karth) if rightly conſidered, will afford a very 
eaſy and natural one, as I ſhall endeavour to 
ſew in the following Manner. 

Firſt, we are affured by Experiment, that 
there are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a De- 
gree of Expanſion, that they will render them- 
ſelves lighter than the Air they float in, though 


. * See his Account at large, referred to at the End of Note, 
We 155. 


it 
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it be as rare, as it can be made by Art; fo 
they will riſe to the Top of the Receiver, wheſ ;; 
exhauſted *, that is, when as much Air, as! 


poſſible, is drawn out þ: Such Steams there 4 
fore or Exhalations, riſing out of the Eartliff ;; 
from Mines, Vulcano's, &c. muſt neceſſzilM c 
be buoyed up towards the Top of the Atmo T 
ſphere, at leaſt, till they come to a Region 1 
where the Air is as rare and expanded, as i + 
can be made by the Air Pump, here beloy pc 
This Height, according to Dr. Halley's Com 

putation 5, (which he founded upon the Air v 
Elaſticity) is about forty or fifty Miles: b ga 
probably it is much greater; for the Ai fe. 
which is higher than Veapotirs, and other E ,- 
terogeneonus Matter, that is not elaſtic, riſe to an 
being much purer than any we can make E na 
periments upon, may be indued with a mud 5 
greater Degree of Elaſticity, and ſo the A , 


moſphere may be conſiderably higher, tha dh. 
what he, upon that Principle, computes it . R. 
be. | 
Secondly, Theſe Efluvia being raiſed t 
the Top of the Atmoſphere, or near it, an 
floating there, will neceſlarily be carried tc 
wards the polar Parts thereof, for the follow 
ing Reaſons. 1. Becauſe the ſuperior Curren 


* See Philoſoph. Tranſat. No. 347. and 360. W 
+ It is impoſſible to extract all the Air out of a Veſſel, becau 
it is by the Spring of the Air remaining in the Veſſel, that t . 
Valves of the Pump are opened at each Stroke. 
F Philoſoph. Tranſact. Ne. 181. 


been 
that t 
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of the Air, to a great Diſtance from the Equa- 
tor, is that Way ®. 2. We know from Ex- 
periment, that whatever ſwims upon a Fluid 
which revolves upon an Axts, is thereby car- 
ried towards that Axis, This is exactly the 
Caſe of theſe Efluvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 
volves about the Axis of the Earth; they muſt 
therefore neceſſarily be carried towards the 
lar Parts thereof. 

Thirdly, Theſe Efluvia being collected 
together at, or near the Poles, and of an in- 
flammable Nature, may eaſily be ſuppoſed to 
ferment, when they meet with other beteroge- 
neous ones proper to produce ſuch an Effect, 
and emit Streams of Fire; which Streams will 
naturally riſe up into ſuch Parts of the Atmo- 
ſphere as are {till lighter than that wherein the 
Efluvia reſt, that is, directly upwards from 
the Center of the Earth. But, according to the 
Rules of Perſpective, thoſe Streams, though 
they really diverge, as Radii from a Center, 
will appear to a Spectator on the Surface of the 
Earth to converge towards a Point : which 
Point will ſeem to be directly over his Head, if 
the Streams aſcend in right Lines from the Cen- 
ter of the Earth: but if they deviate all one 
Way from that Direction, the Point will be on 


* As explained in Diſſertation V. 


R that 
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that Side the Zenith towards which they in- 
cline “. | 

To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Ceiling of a Room, and a 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point, that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from over 
the Candle, towards that Side of the Room to 
which the upper Ends of the Strings incline : 
Now if a Perſon had viewed them from the 
Place where the Candle was, and referred their 
Places to the Ceiling, they would have ſeemed 
to him to have converged towards the Point, 
where the Shadows did. 

And if the Streams ſpread themſelves as 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends, 
like Cones or Pyramids ; juſt as the Sides of a 
long Walk ſeem to a Perſon that views them 


* This may be made to appear in the following Manner ; Let 
ADB (Fig. 38.) repreſent the Concave of the Heavens, AB the 
Horizon, C the Place of the Spectator, TV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, r. Theſe 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence to the 
SpeQator's Eye, be parallel to the Streams. For Inſtance, the 
Stream EG will ſeem to riſe from e to g, LM from / to m, and 
FH from f to h, and ſo of the reſt. And NO will appear wholly 
in D, the Place to which the reſt ſeem to converge, And if the 
Streams are as large, or ſomewhat larger at the upper Ends, than 
at the lower, they will ſtill appear leis there, thoſe Ends being 
fartheſt from the Spectatoi's Eye. 


from 


g—— 
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from one End of it, or from a diſtant Place, 
to approach each other at that which is fartheſt 
from him. 

This being premiſed, we may now account 
for the ſeveral Phenomena of the Aurora Bo- 
realis before laid down. As, 

1. The Blackneſs of the Sky, which gene- 
rally appears in the northern Parts of the Ho- 
rizon, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
ſmalleſt Stars are ſeen through it. 

2. The lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
ſometimes of a ſtraight Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For, by the Rules 
of Perſpective, when a ſtraight Line is diſtended 
horizontally, and above the Spectator's Eye, 
it ought to appear bent into a Curve, whoſe 
Center is below the Horizon *. Sometimes 
it appears on one Side the North Point, more 


Thus, when a Perſon ſtands fronting a Row of Houſes, and 
looks over the Tops of them, if they :re all of an equal Height, 
that Houſe which is neareſt him, will ſeen to cut the Heavens in 
a Point that will be higher than where it is cut by any of the reit: 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the Spectator. 
will deſcend lower and lower, as the Houſes are farther off; io 
that the Points, taken all together, will repreſent a Curve. 


R 2 than 
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than on the other; ſometimes regular, ſome. NY Ar 
times ircegular, as the various Circumſtances unt 
of the Air's Motion at the Top of the Atmo- dide, 
ſphere, and of the Situation of the flaming em- 
Matter, may be. hic 
3. The Streams of Light, iſſuing out of the 
lucid Arch, are Streams of Fire emitted up- 
wards from the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the Spectator, 
Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation 
of the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 
the Horizon, or by the Vapours which float 
in great Quantities therein, | 
4. The trembling obſerved in the upper Part 
of the Heavens, is. owing to the Quickneſs 
wherewith the Flaſhes ſucceed one another, 
and alſo to the irregular Motions and Agitations 
of the ſuperior Parts of the Atmoſphere. 
So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
the Top, as will appear to any one that conſi- 
ders the Figure referred to in the Note (p. 164); 
but after it has advanced forwards, or become 
kindled over our Heads, then they appear to 


meet, and form the Canopy already deſcribed ; | ? 
and when it has paſſed further ſtill, they ſeem 


to 
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oariſe from all Parts; though they are much 
inter on the ſouthern than on the northern 
Side, ſo long as the main Body of the Aurora 
emains on the northern Side of the Canopy, 


ung ich it rarely, if ever, paſſes. The Reaſon 
f the by the Center of the Canopy is generally a 
up- New Degrees to the South of the Spectator's 


Zenith * is, becauſe the luminous Streams, 
b ich iſſue forth from the extreme Parts of the 
Subſtance of the Aurora, will naturally diverge 
thel little from the middle ones; and; as thoſe - 
66h Mobich appear to us, proceed chiefly from the 
futhern Side (that being neareſt to us) the 
Point of Convergency will neceſſarily be placed 
| by” the South of our Zenith, according to what 

ms ſaid above about the Inclination of the 
irings hanging from the Ceiling of a Room. 
bart the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
if the Meridian, that depends upon the Mo- 
ton of that Part of the Air, which is above 
he Subſtance of the Aurora, and through 
hel chich the Streams paſs, as they riſe. This 
uſo it is that makes the Streams ſeem to ariſe 
- at MF ometimes a little obliquely. 


* According to this Theory, the Center of the Canopy will 
4); iways be near the Spectator's Zenith, where-ever he is; which 
me believe is the Caſe, for I have met with no Account where 
| is otherwiſe ; and fo every Spectator ſees a different Canopy, 
jult as, when ſeveral Perſons are viewing a Rainbow. no two 
d 3 WM *crſons ſee the ſame Rainbow at the ſame Time. See Part III. 


, P. 208, 
T 7 6. The 
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6. The great Height of the Aurora is ow. 
ing to the exceeding Lightneſs of the Effluvia, 
which compoſe the Subſtance of it (as ex- 
plained above) and the darting of che Stream 
upwards, into Regions perhaps quite aboye 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame Appearances at the 
ſame Time. X 

7. That the Aurora appears near the Pol, 
and never at or near the Equator, is becauſe 
of the Tendency the Matter of it has toward 
the Poles, as explained above. And that i 
appears in Places more diſtant from the Pal, 
than it formerly did, is becauſe the Effuni, 
which are now raiſed from the Earth, rs 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with others, 
which were formerly raiſed, and are now 
grown effete by frequent Fermentations and 
Exploſions. TREE 

8. The horizontal Trains of Light are the 
Subſtance of the Aurora juſt taking Fire, 
which runs from one Part to another, as in a 
Train of Gun-powder kindled in any one 
Part; and ſends up Streams perpendicularly 
from Places, where it meets with a greater 
Quantity of Matter than ordinary, 


9. W hen the Matter of the Aurora is ſo far 


ſpent, as to emit no more Streams, it appears 


only us a bright ſteady Light in the North, 1 
of Fa: which MW 
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ow: Irhich gradually dies away, for Want of freſh 
_ to 1 5 . 

e Vapours, of which Clouds are 
ams "a? never riſe ſo high, as where the Mat- 
dove er of the Aurora Borealis floats ; it is not at 
very Nil inconſiſtent with the foregoing Theory, if 

the Wit is ſometimes intercepted from our Sight, by 
he Interpoſition of Clouds below. 


auſe See farther on this Subject, Ariſtotel. Meteor. 
aud Lib. 1. Cap. 4, 5. Plinii Hiſtor. Natural. 
at it Cp. 26, 27. Senec. Quæſt. Natural. Lib. I. 
eo. Prodigiorum ac Oſtentorum Chronicon, 
dia, aim. Julius Obſeguens de Prodigiis, Cap. 
iz, 43, 88. Gaſſend: Animadverf. in Drog. 
ohr Lert. Lib. X. p. 1157. Cornelius Gemma 
do ; e divinis Naturæ Characteriſmis. Nicepbori 
ers, Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. Jid. 
o/. Hiſtor. Goth. Tom. I. p. 65. Bibli- 
and thec. Orientalis Clementino- Vaticana, Tom. I, 

407. Gregor. Tur, paſſim. Mem, de Lit. 
the e 1' Acad. des Inſcriptions & Belles Lettres, 
ire, Tom. IV. p. 431. Miſcellan. Berolin. Tom. I. 
in a 137. Theatr. Comet. Staniſ. Lubtentetz, 
one . 264, 348. Mem. pour ſervir a I'Hiſtor. de 
arly Fance, Tom. I. p. 168. Mem. de l' Acad. 
ater Royal de Sciences, for almoſt each Year ſince 

1716, Philoſoph. Tranſ. N'. 305, 310, 320, 


., 345, 349, 351, 352, 363, 365, 368, 


176, 385, 395» 398, 399, 402, 410, 418, 
Ir; and the Authors referred to by Mr. Jobn- 


n, in his Quæſt. Philoſoph. Cap. IV. * 5 
N \$ * 
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DISSERTATION VIII. 


Of Fermentation. 


Aving had Occaſion to mention ſome of 

the Effects of Fermentation, it may not 

be amiſs, before I put an End to theſe Differ. 

_ tations, to add a ſhort Account of the Nature 

of it, and to ſhew how thoſe Effects are pro- 
duced by it. 

Fermentation is a mutual Commotion of the 
conſtituent Particles of Bodies, one among an- 
other; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh 
it into two Kinds; the one is that which hap- * 
pens when a Solid is diſſolved by a Fluid; the Ml,” 
other is, when two Fluids, being mixed to- 
gether, ferment with each other. 

Thoſe Authors, who have treated of the ai 
firſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral "4 
Circumſtances are neceſſary. Particularly Dr. "6 
Friend *, and Keil +, are of Opinion, * 

1. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particles of the Fluid attract one 6 
another. 


* Sce his Chymical Lectures. *D 
- + See his Letter to Dr. Cockburn, De Legibus Attradionit. 
2. That 
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2. That the Pores of the Solid muſt not be 
o ſmall to admit the Particles of the Fluid 
into them. 

z. That the Body be of ſo looſe a Contex- 
ture, that the Force of Impact, with which 
ke Particles of the Fluid ruſh into its Pores, 
my be ſufficient to diſunite its Parts. 

4. That the Elaſticity of the Particles tends 
ry much to promote, and augment the 
fermentation. 


©0- Dr. Boerbaave makes alſo four Conditions 
n rquiſite *. 

1. That there be a due Proportion between 
de Size of the Particles of the Fluid, and the 


dees of the Body to be diſſolved. 

2. That the Figure of the Particles of the 
p- raid have a determinate Relation to that of 
ne e Pores of the Solid. 

0. z. That the Particles of the Fluid be ſuffi- 
tently ſolid, that their Moment, or Force of 
Action may not be too weak. 

1. The laſt Qualification, he mentions, is 
eral ift Diſpoſition of the Particles of the Fluid, 
ſhen received into the Pores of the Solid, to 
make ſome Stay there, and not immediately 
bpaſs through; but to act every Way upon 
liz Solid, as they move towards the external 
urſace thereof. 


Dr. Beerhagve's Chemiſtry, by Shaw, p. 344- 
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But we have no Occafion to have Recourþ 
to ſo many Suppoſitions : If the Particles of th 
Solid attract thoſe of the Fluid with a greate 
Degree of Force than either thoſe of the Fluid 
or thoſe of the Solid attract one another #, | 
is ſufficient ; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever th 
other Circumſtances, relating to the Figure or 
Magnitude of Pores, c. may be . 

When beir 


This may be thought an impoſſible Suppoſition, for u n 
Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a greater Quantity offſſſ»pre!(c 
Surface between every two Particles, one of which is a Pariide 
of the Solid, and the other a Particle of the Fluid, than the tick. 
is between every two Particle, which are either both of th 
Solid, or both of the Fluid; and therefore the Particles of the 
Solid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another, 
But it is to be conſidered, that we are not ſo well acquainted with 
the Nature of the Attraction of Coheſion, as to determine c 
in what Manner, and by what Laws it acts. The Experiment bare, 
made Uſe of for this Purpoſe, only ſhew that ſo long as we ty ry 
them with the ſame Kind of Bodies, the Attraction is larger Pester 
where the Contact is ſo, See Part I. Chap. III. But we have rater 
no Method of determining, whether the Difference of Attrac-]W pet 
tion, which warious Bodies exert upon one another, ariſes ſolely Wl mer. 
from a Difference in their Surfaces, or not. ne we 
+ Dem. Thus, let V, % , &c. (Fig. 39.) repreſent a Series of le Sol 
the Particles of a Fluid, and 5, J. s, Ac. a Series of thoſe of al no 
folid Body, contiguous to one another: and let the prickedii de » 
Line V FF; &c. repreſent the Forces of Attraction between ce! 
the Fluid Particles one among another, and 75, 1, Oe. te a M 


thoſe of the ſolid ones among themſelves ; and let the black quite t. 
Lines , % Cc. expreſs thoſe which are between the fluidWQ*0* fi 
and ſolid Particles. Now, the latter Forces being by the Sup- ehe re 


poſition ſtronger than the former, the fluid Particles will 3 
ron 
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When a Solid is put into a Fluid, if their 
particles have the above-mentioned Relation 
o each other, thoſe of the Solid being at- 
ied with greater Force towards the Fluid, 
an they are the contrary Way, they will fall 
f from the Solid, and enter in between the 
particles of the Fluid; and for the like Reaſon, 
hoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
kparate them from each other. Neither will 
their reſpective Motions ceaſe, unleſs their 


fom each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and for the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which means, the Diſtances 
wreſented by the pricked Lines becoming greater, the Attrac- 
tons, which they expreſs, will be diminiſhed ; ſo that the fluid 
Particles will enter quite in between the ſolid ones, and the ſolid 
mes between the fluid ones ; and both of them together will 
woſtitute ſuch a Series, as is repreſented in Figure 40, in the 
nddle Row 5s, f, 5, f, Cc. where the ſolid and fluid Particles 
ie mixed jnterchangeably one with another in a right Line. 
Now let it be ſuppoſed, that this Series is contiguous to one 
which confiſts wholly of Fluid above it, as is expreſſed in the 
Figure, and to another below, confiſting of ſolid Particles only. 
hery ſolid Particle in this Series will be attracted upwards with 
peter Force, than it is downwards; and every fluid one with 
rater Force downwards than it is upwards, as appears by bare 
Inſpeftion of the Figure, where the black Lines, as in the 
former, expreſs the ſtronger Attractions, and the pricked ones 
lhe weaker, And, if we ſuppoſe the Number of Particles in 
lie Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
vill not ſtop, till they have quite paſſed through the Solid; for 
liey will always find a Series wholly confitting of ſolid Par- 
teles before them, whilſt that which they leave behind, will 
t a Mixture of both. In like manner, the ſolid ones will pats 
Nack quite through the fluid ones; for they will always meet with 
Avid ore fluid ones before them, than they leave behind within the 
Sup-M'phere of their own Attraction. 


cede Quan= 
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Quantities be very unequal, till they are d 
fuſed uniformly one among another, az 
may very eaſily conceive ; for till then the 
will always be ſome Particles attracted with 
greater Degree of Force one Way than th 
are another. 

And if more of the Solid be added to th 
Fluid, the Particles of the Fluid will alſo e 
ter into that Solid, till each is ſurrounded o 
all Sides with ſolid Particles, as far as its x 
tractive Force reaches. After which the Flut 
will (as chey ſay) be ſaturated, and will diſſoh 


no more. | 
Again, if more of the Fluid be poured up tati 
that Solid, the ſolid Particles will diffuſe then for. 
ſelves farther into the Fluid, till each of theꝗ eve 
is encompaſſed with Particles of the Fluid, ¶ tos 
far as its attractive Force extends; and the of 


they will ſpread themſelves no farther. the 

But in either Caſe, if another Solid, o the 
Fluid, the attractive Force of whoſe Particle the 
differ from thoſe of the former, be added, : | 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of the 
former Mixture, and of thoſe which are non 


added, have ſuch a Relation to each other, ¶ Su 
is neceſſary to produce it. th 

Upon this Principle it ſhould ſeem, that ¶ an 
Fluid ſhould always be capable of diſſolving an 
more than an equal Quantity of a Solid; andi fer 
that a Solid ſhould be capable of entering in £0 


and 
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and diffuſing itſelf through more than an 
equal Quantity of Fluid. The Reaſon why 
it is frequently not ſo is, becauſe it commonly 
happens, that the Fluid and the Solid are not 
of equal ſpecific Gravities. When the Solid 
z heavieſt, ſo many of its Particles will not 
iſcend and enter into the Fluid, as would 
| ctherwiſe have done; and on the contrary, 
when the Fluid is heavieſt, the Weight of 
is Particles will be an Impediment to their 
ling into, and diſſolving ſo much of the 
e Solid as it otherwiſe might have done. 
= We have no Occaſion to diſtinguiſh Fermen- 

tation into two Kinds, with regard to its Cauſes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the one attract thoſe 
of the other, with greater Force than either 
thoſe of the one, or thoſe of the other attract 
themſelves, a Fermentation will equally enſue, 
the Cauſe being the ſame in both Caſes. 

When two Fluids, or a Solid and a Fluid, 
ferment with each other, if the Agitation and 
inteſtine Motion of their Particles be very 
great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as was ſaid of the 
ſeveral Compoſitions mentioned in the fore- 
going Diſſertations, 


See 
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See the Authors, who have explained an; 
defended the old Solution, referred to by My 
Johnſon in his Queſtiones Philoſoph. Cap, II 


Quzit. 5, 6, 7. 


The End of the Second Part. 
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explained ſuch Phenomena as reſult from 
ſmall Particles of Matter collected toge- 
ther, and ated upon according to the 
Laws of Mechaniſm ; the Order of my Deſign 
now brings me to ſhew how according to the 
ame Laws ſuch Phenomena, as reſult from 
the Emiſſion of infinitely ſmall Particles from 
luminous Bodies, are produced; which Phæ- 
wmena, being the Means, whereby the Images 
of external Objects are repreſented to our 
Minds, by the Intervention of our Organs of 

Sight, 


| N treating of the Nature of Fluids, I have 
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Sight, are for that Reaſon called Optical, and 
the Doctrine, by which they are explained, 
the Science of Optics x. 

Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 
Point of its Surface, which iſſue from it con- 
tinually, (not unlike Sparks from a Coal) in 
ſtrait Lines and in all Directions. Theſe Par- 
ticles entering the Eye, and ſtriking upon the 
Retina (a Nerve expanded on the back Part 
of the Eye to receive their Impulſes) excite in 
our Minds the Idea of Light. And as they 
differ in Subſtance, Denſity, Velocity, or 
Magnitude , they produce in us the Ideas of 
different Colours; as will be explained in its 
proper Place. 


That 


* Optics is generally divided into two Parts, wiz. Dioptric: 
under which is comprehended every Thing that relates to the 
Appearances of Bodies ſeen through tranſparent Subſtances ; and 
Catoptrics, or what relates to the ſeeing of Bodies by reflected 
Light. To theſe we may add a third, which properly comes un 
der neither of the former Diſtinctions, and that is, the Dorm 
of Colours, which explains every Thing that relates to the 
of the Diverſity of Colours obſervable in natural Bodies. 


+ It is more probable, that they differ either in Magnituce 
or Denſity, than in Velocity or Subſtance, For, if the Differ 
ence of Colours ariſe from the different Velocity of the Rays 
Light, then the Colours of Objects would appear changed to: 
Eye placed under Water, or within any Medium differing from it 


Air in Denſity : For when a Ray of Light paſles out of a Mai 
am into another of different Denſity, it undergoes an Alteratio 
in its Velocity, as will be explained hereafter. And to ſuppo 
them to differ in Subllance, is contrary to that Uniformity « 


Things, which is obſervable in the Univerſe z as well as repug 
nal 
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Chap. I. Propagation of Light. 5; 

That the Particles, which conſtitute Light, 
are exceedingly ſmall, appears from hence, 
1. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 
pable of paſting through it at once without the 
laſt Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen through it as if no Rays 
raſſed through it from any of the reſt, Fur- 
ther, if a Candle is lighted, and there be no 
Obſtacle in the Way to obſtruct the Progreſs 
of its Rays, it will fill all the Space within 
two Miles of it every Way with luminous 
Particles, before it has loſt the leaſt ſenſible 
Part of its Subſtance thereby. 

That theſe Particles proceed from every 
Point of the Surface of a viſible Body, and in 
il Directions, is clear from hence, viz. be- 


unt to that Homogeneity in the primogeneal Parts of Matter, 
wich from the Experiments hitherto made, is thought to exiſt 
eery where. Whereas, if we ſuppoſe them to differ either in 
Magnitude or Denſity, nothing is more eaſy than to ſee how thoſe 
of the ſame Kind ſhould, however refracted, produce the ſame 
Colours; and alſo how thoſe which produce different Colours, 
dould ſuffer different Degrees of Refraction in paſſing through 
the (ame Medium. As to the firſt, it is ſelf-evident, becauſe 
deſtaction cannot alter their Magnitudes or Denſities ; as to the 
cond, it is probable, that the more intenſe and ſtronger Co- 
Ours, the Rays of which ſuffer the leaſt Refraction, are produ- 
ed by the larger, or more denſe Particles of Light: For, that 
och Particles ſhould be leſs refracted than others, is quite con- 
bnant to the Laws of Attraction of Coheſion, which, as it acts 
a Proportion to the Surfaces of Bodies only, mult neceſſarily 
ffe& the larger, or the more denſe Particles, leſs than it does 
de reſt ; becauſe ſuch have larger Mamenta or Forces in Pro- 
portion to their Surfaces, than others have. 

A 2 cauſe 
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cauſe where-ever a Spectator is placed with 
Regard to the Body, every Point of that Part ur 
of the Surface which is turned towards him, I Dir 
is viſible to him. That they proceed from the 
Body in right Lines, we are aſſured, becauſe Dir 
juſt ſo many and no more will be intercepted N and 
in their Paſſage to any Place, by an interpoſed Nast 
Object, as that Object ought to intercept, ſup- tha 
poſing them to come in ſuch Lines. une 

The Velocity, with which they proceed I tins 
from the Surface of the viſible Body is no lefs {Wer 
Aurprizing, than their Minuteneſs : The Me- dr. 
thod wherebyPhiloſophers eſtimate theirSwift-M the 
neſs, is by Obſervations made on the Eclipſesof i be. 
Jupiter's Satellites, which Eclipſes to us ap- und 

ar about ſeven Minutes ſooner than they 
ought to do by Calculation, when the Earth 
is placed between the Sun and him; that is, «: 
when we are neareſt him, and as much later, 
when the Sun is between him and us, at which 
Time we are fartheſt from him; from whence ,q; 
it is concluded, that they require about ſevenWis 
Minutes to paſs over a Space equal to the Dil-W.. 
tance between the Sun and us, which is abbut Wl «ill 
eighty one Millions of Miles “. 1. 


A this ; 


* This affords us another Proof of the ſurprizing Fineneſs of WW Hun. 
the Particles of Light; for the above-mentioned Velocity of the W uu 
Kays is conſiderably more than a Million of Times greater than I Nadi. 
that of a Canon Ball. Were they not therefore inconceivably 21 
ſmall, the Eye would be rather wounded than 2 with 

em; 


Chap. I. Propagation of Light. 7 

A Stream of theſe Particles iſſuing from the 
Surface of a vifible Body in one and the ſame 
Direction, is called a Ray of Light. 

As Rays proceed from a viſible Body in all 
Directions, they neceſſarily become thinner 
ind thinner, continually ſpreading themſelves, 
s they paſs along, into a larger Space, and 
that in Proportion to the Squares of their Diſ- 
unces from the Body * ; that is, at the Diſ- 
tnce of two Spaces, they are four Times thin- 
ger, than they are at one; at the Diſtance of 
three Spaces, nine Times thinner, and fo on: 
the Reaſon of which is, becauſe they ſpread 
themſelves in a twofold Manner, v/z. upwards 
nd downwards, as well as Side- Ways. 


dem; and the tender Flowers of Plants would be fo far from 
ting cheriſhed by them, that they would be torn in Pieces, 
ud not able to ſtand before them. 


* This Propoſition is demonſtrated mathematically thus ; let 
x conceive two concentric Surfaces ABD, and EFG (Fig. 1.) 
nd in theſe, two ſimilar Portions ELFI, and AHBK ; let the 
ys CE and CF, with the reſt proceeding from the Center C. 
all upon the Portion ELF and cover it; it is evident from In- 
pection of the Figure, that the ſame Rays at the Diſtance CH 
vill cover the Portion AHBK only ; now theſe Rays being the 
ame in Number at each Place, will be thinner in the former, 
than they are in the latter, in Proportion as that is larger than 
this; but theſe Spaces being ſimilar Portions of the Surfaces of 
Pheres, bear the ſame Proportion to each other, that the Sur- 
ices themſelves do, that is, they are to each other as the 
Squares of their Radii CL, CH; the Rays therefore are more 
Gffuſed, or thinner in Proportion to the Squares of the ſame 
Radi, or of their Diſtances from the luminous Point C. 
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The Particles of Light are ſubject to the 
Laws of Attraction of Coheſion like othe 
ſmall Bodies, for if a Ray of Light be made 
to paſs by the Edge of a Knife, it will be di. 07 
verted from its natural Courſe, and be infled. 
ed towards the Edge of the Knife. The like 
Inflection happens to a Ray when it enters oh. 
liquely into a denſer or rarer Subſtance than V 


| 
| 
| 
| 


that in which it was before, in which Caſe it 
is ſaid to be refracted; the Laws of whichMWpac 
Refraction are the Subject of the followingWlſo 
Chapter *. ther 


* The Carteſian Notion of Light, was not, that it is prope-Willl « {a 
gated from luminous Bodies by the Emiſſion of ſmall Particles, A 
but that it was communicated to the Organ of Sight by their 
Preflure upon the Materia ſubtilis, with which they ſuppoſed the For, 
Univerſe to be full. But according to this Hypotbeſss, it could Bi he 
never be dark; becauſe when a Fluid ſuſtains any Preſſure, if * 
that Fluid fills all the Space it takes up, abſolutely, without] fall 
leaving any Pores, which is the Caſe of the ſuppoſed Mama this 
Fabtilis ; then that Preſſure muſt neceſſarily be communicated de 
tquaily and inſtantanconſiy to every Part: And therefore, whe- 
ther the Sun were above or below the Horizon, the Preſſure Wl wha 
communicated, and conſequently the Light, would be the f b 
fame. And farther, as the Preſſure would be inſtantaneous, ſo 
would the Light, which is contrary to what is collected, as we tefc 
ablerved above, from the Eclipſes of Jupiter's Satellites, tow 


C Hi en. 


II Chap. II. Te Cauſe of Refraction, &c. 9 
o the | 

othe CHAP. . 
made 


"of the Cauſe of Refraction, and rhe 
Law by which it is performed. 


Hatever Subſtance a Ray of Light 
paſſes through, or if it paſs through a 
dich pace void of all Subſtance, it is ſaid by Fhi- 
wing bolophers to pals through a Medium; and 
herefore if it paſſes out of any Subſtance, as 
Air or Glaſs, into a Vacuum, or the contrary, it 
props ſaid to paſs out of one Medium into another. 
e All Bodies being endued with an attractive 
ed the Force, which is extended to ſome Diſtance 
could 8 deyond their Surfaces ; when a Ray of Light 
About paſſes out of a rarer into a denſer Medium (if 
ae this latter has a greater attractive Force than 
the former, as is commonly the Caſe ®, and 
ere MW what we ſhall hereafter always ſuppoſe, unleſs 
ee t be mentioned to the contrary) the Ray juſt 
n tefore its Entrance, will begin to be attracted 
towards the denſer Medium, and this Attrac- 
ton will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
hall ſhew by and by; and therefore if a Ray 
approaches a denſer Medium in a Direction 
perpendicular to its Surface, its Velocity will 


3 * Inoily and inflammable Bodies it happens otherwiſe; for 
they are obſerved to attract more ſtrongly than others of greater 


be 


Denſity, 


> F 
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be continually accelerated during its Paſſage 
through the Space in which that Attraction 
exerts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at 
the oppoſite Side of the Medium, with a greater 
Degree of Velocity than it had before it en. 
tered. So that in this Caſe its Velocity only 
will be altered. Whereas, if a Ray enters a 
denſer Medium obliquely, it will not only 
have its Velocity augmented thereby, but its 
Direction will become leſs oblique to the Sur- 
face, Juſt as when a Stone is thrown down- 
wards obliquely from a Precipice, it falls to 
the Surface of the Ground in a Direction 
nearer to a perpendicular one, than that with 
which it was thrown from the Hand. From 
hence we ſay a Ray of Light in paſſing out of 
a rarer into a denſer Medium, is refracted tte 
wards the Perpendicular ; that is, ſuppoſing 
a Line drawn perpendicularly to the Surface 
of the Medium, through the Point where the 
Ray enters, and extended both Ways, the 
Ray in paſſing through the Surface is refracted 
or bent towards the perpendicular Line ; or, 
which is the ſame Thing, the Line which it 
deſcribes by its Motion after it has paſſed 
through the Surface, makes a leſs Angle with 
the Perpendicular, than the Line it deſcribed 
before. All which may be illuſtrated in the 
following Manner, 


Let 
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Let us ſuppoſe firſt, that the Ray paſſes 
dut of a Vacuum into the denſer Medium A 
BCD, (Fg. 2.) and that the attractive Force 
of each Particle in the Medium is extended 
tom its reſpective Center to a Diſtance equal 
to that which is between the Lines AB and 
EF, or AB and GH; and let KL be the Path 
leſcribed by a Ray of Light in its Progreſs 
towards the denſer Medium. This Ray when 
t arrives at L will enter the attractive Forces 
of thoſe Particles which lie in AB the Surface 
of the denſer Medium, and will therefore ceaſe 
v proceed any longer in the right Line KLM, 
but will be diverted from its Courſe by being 
ttracted towards the Line AB, and will be- 
tin to deſcribe the Curve LN, paſſing through 
the Surface AB in ſome new Direction as O 
thereby making a leſs Angle with a Line as 
R drawn perpendicularly through the Point 
N, than it would have done, had it proceeded 
nits firſt Direction KLM. 

Farther, whereas we have ſuppoſed the 
ttrative Force of each Particle to be ex- 
ended through a Space equal to the Diſtance 
etween AB and EF, it is evident, the Ray 
iter it has entered the Surface, will ſtill be 
tracted downwards, till it has arrived at 
he Line EF; for till that Time, there will 
tot be ſo many Particles above it which will 
attract it upwards, as below, that will at- 
Fact it downwards. So that after it has en- 

B tered 
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tered the Surface at N, in the Direction OQ, 
it will not proceed in that Direction, but will 
continue to deſcribe a Curve, as NS, after 
which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 
equally every Way; and therefore will at lat 
proceed in the Direction XS T ftill nearer the 
Perpendicular PR than before. 

Now if we ſuppoſe the Space ABYZ not to 
be a Vacuum, but a rarer Medium than the 
other, the Caſe will ſtill be the fame; but 
the Ray will not be ſo much refracted from its 
rectilineal Courſe, becauſe the Attraction of the 
Particles of the upper Medium being In a con- 
trary Direction to that of the Attraction of 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 

On the contrary, when a Ray paſſes out 
of a denſer into a rarer Medium, if its Direc- 
tioh be perpendicular to the Surface of the 


Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Space of At- 


traction of that Medium (that is, the Space 
wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, it 
will continually recede from the Perpendicu- 
lar during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Earth 


increaſes its Obliquity all the time it riſes. 


Thus, fuppoſing the Ray TS paſſing out of the 
denſer 


Chap. 2. The Cauſe of Refraction, Se. 1 3 


denſer Medium ABCD into the rarer ABV, 
when it arrives at S it will begin to be attract- 
ed downwards, and ſo will deſcribe the Curve 
SNL, and then proceed in the right Line LK, 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 

The Space through which the Attraction of 
Coheſion of the Particles of Matter is extend- 
ed is ſo very ſmall, that in conſidering the 
Progreſs of a Ray of Light out of one Medi- 
um Into another, the Curvature it deſcribes 
in paſſing through the Space of Attraction is 
generally neglected; and its Path is ſuppoſed 
o be bent, or in the uſual Terms, the Ray is 
ſuppoſed to be refracted only in the Point 
where it enters the denſer Medium. 

Now the Line, which a Ray deſcribes be- 
fore it enters a denſer or a rarer Medium is 
alled the Incident Ray; that which it de- 
ſcribes after it has entered, is the Ręfracted 
Ray, 

The Angle comprehended between the In- 
dent Ray and the Perpendicular, is the An- 
gle of Incidence; and that between the refract- 
ed Ray and the Perpendicular, is the Angle 
of Refraction. 

There is a certain and immutable Law or 
Rule, by which Refraction is always per form- 
ed; and that is this: Whatever Inclination a 


4 Ray of Light has to the Surface of any Medi- 


B 2 um 
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um before it enters it, the Degree of Refraction 
will always be ſuch, that the Proportion he. 
tween the Sine of the Angle of its Incidence, 
and that of the Angle of its Refraction, will 
always be the ſame in that Medium *. 

To 


* Lemma. If from a Point as M (Fig. 4.) taken any where 
without the Circle 18 Line as MP be drawn paſſing through 
L the Center of the Circle, and terminated in the Circumference 
at P, the Product of MQ multiplied by MP is equal to the Dif. 
ference between the Squares of ML and PL. - 
er of the Lemma. Call M ; and the Radius of 

the Circle LQ or LP, 5; then will t iameter Q be ex. 


preſſible by 26, and the whole Line MP, by a+j-26 ; then mil. 


tiplying MQ by MP, that is, a by 2-25, we have for the Pro- 
duct of this, aa -t. Now the Square of the Line ML, 
which is expreſſible by a, is aa4+2at 4-56, and the Square 
of PL is 4; but the Difference between theſe Squares, viz, 
aa Zz al T and bb is evidently aa 2a ; and therefote the 
Product ot MQ multiplyed by MP is equal to the Difference be- 

tween the 8 juares of ML and PL. 2. E. D. | 
Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is evident 
that its Motion will be ſubje& to the like Laws with that of 
Projectiles, provided we ſuppoſe it to be ated upon with an 
equal Degree of Force during its whole Paſſage through that 
Space, as is commonly ſuppoſed to be the Caſe in Projeilesto 
whatever Height they are thrown from the Earth, We will 
therefore put a Caſe as nearly parallel as may be to that which 
was demonſtrated of Prajectilet in the ſeventh Chapter of the 
-firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, 
and that the Ray proceeds out of a denſer into a rarer Medium ; 
in which Caſe it will be attracted back towards the denſer Me- 
dium, during its Paſſage through the Space of Attraction, in 
like Manner as a Proje&ile thrown upwards is while it riſes from 
the Earth. Let then ABCD (Fg. 4.) repreſent the denſer Me- 
dium, and ABEF the Space of Attraction; and let GH be 2 
Ray about to enter the Force of Attraction at H, and let GH 
be produced to M. Now it is evident, that in this Suppoſition, 
me Ray when at H, is in the ſame Circumſtances with 2 nn 
1 las 
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To illuſtrate this, Let us ſuppoſe ABCD 
(Fig. 3.) to repreſent a rarer, and ABEF a 
denſer Medium; let GH be a Ray of Light 

paſſing 


ile about to be thrown upwards from H towards M, it will 
therefore deſcribe a Portion of a Parabo/a as HI ; to which the 
Line HM will be a Tangent at H; and the Line IK, in which 
t would proceed after it has paſſed the Space of Attraction, a 
Tangent to it at I, for after having left the attractive Force at 
|, it goes ſtrait on in its laſt Direction. Let the Perpendicy- 
lr IR be drawn meeting GH produced in M, and let KI be 
roduced to L. On the Center L with the Radius LI, de- 
kribe the Circle PNQ, let fall the Perpendicular LO upon MR, 
ud join the Points Land N. Now it is demonſtrated in the 
Caſe of Projectiles, that the Parameter of the Point H is equal 
„r and therefore the Parameter multiplied by MI is 
equal to HMq.- And it is there farther demonſtrated, that the 
kid Parameter is equal to four times the Height which a Body 
noſt fall from, to acquire the Velocity the Projectile has at 
H; this Parameter therefore is a Quantity not at all depending 
n the Direction cf the cla „ but on its Velocity only ; 
ud conſequently in the preſent Suppoſition it is a given Quan- 
ity, the Ray GH being ſuppoſed to have the ſame Velocity, 
whatever is its Inclination to the Surface AB. Now the Tan- 
gent KI being produced to L, will by the Property of the Pa- 
rabola, biſect the other Tangent HM, alla the Line LO 
deing parallel to HR, MR will alſo be biſected in O; and add- 
mg the equal Lines OI and ON to each Part, MN will be equal 
0 IR; but the Line IR is alſo a Line independent of the Incli- 
nation of the Ray GH, its Length being determined by the 
Freadth of the Space of Attraction ABEF only, and therefore 
VN is a given Quantity, Now, whereas MI, when multi. 
plied by the Parameter of the Point H,which before was ſhewn 
to be a given Line, is equal to the Square of HM, therefore the 
ame Line MI when multiplied by any other given Line (a. 
MN) if it is not equal to, will nevertheleſs bear a given Pro- 
portion to the Square of HM: But ſince MI multiplied by MN 
bears a given Proportion pviz. a Proportion that does not depend 
on the Inclination of the Ray GH) to the Square of MH, its 
equal, vir. the Product of MQ multiplied by MP (37. EL z. 
er what is equal to this, the Difference between the Squares o 
ML 


* 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn througb 
the Point H, on the Center H, and with any 


MI. and PL (by the foregoing Lemma) or, which is the ſame 
Thing, of ML and LI, (becauſe PL and LI are Radi of the 
fame Circle) does ſo too. Now the Square of ML bears alſo, 

iven Proportion to the Square of MH (ML being equal to half 

H) conſequently there is a given Proportion between the 
Square of ML and the Difference of the Squares of ML and LI; 
and therefore there is a certain Proportion between the Line 
themſelves, wiz. between ML and LI, But in every Triage 
the Sides are proportionable to the Sines of their oppoſite Ange, 
therefore in the Triangle MLI, the Sine of the Angle LMI las 
given Proportion to the Sine of the Angle LIM, or of its Com. 
plement to two right ones MIK (for they have the fame dite 
But LMI being an Angle made by the incident Ray GH pro. 
duced, with the Perpendicular RM, is the Angle of Incidence, 
and MIK being made by the refracted Ray IK, and the fame 
Perpendicular, is the Angle of Refraction, therefore in this 
Caſe there is a conſtant Ratio between the Sine of the Angle of 
Incidence, and that of the Angle of Refraction. 

We have here ſuppoſed that the Force of Attraction is every 
where uniform, but if it be otherwiſe, provided it be the fame 
every where at the ſame Diſtances from the Surface AB, the 
Proportion between the forementioned Sines will ſtill be a given 
one. For, let us imagine the Space of Attraction divided into 
parallel Planes, and the Attraction to be the ſame through the 
whole Breadth of each Plane though different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 
has been demonſtrated above, be to the Sine of the Angle 
of Refraction into the next in a given Ratio and therefore, 
fince the Sine of the Angle of Refraction out of one will be 
the Sine of the Angle of Incidence into the next, it is evident 
that the Sine of the Angle of Incidence into the firſt will be in 
a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us ſuppoſe the Thicknels of theſe Planes di- 
miniſhed in infinitum, and their Number proportionably in- 
creaſed, the Law of Refraction will ſtill continue the ſame ; 
and therefore whether the Attraction be uniform or not, there 
will be a conſtant Ratio between the Sine of the Angle of Inci- 
dence and of Refraction. Q. E. D. 


Radius 
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ſudius deſcribe the Circle APBR, and from 
G and I where the incident and refracted Rays 
ct the Circle, let fall the Lines GK and IL 
ndicularly upon the Line PR, the former 

of theſe will be the Sine of the Angle of Inci- 
knce, the latter of Refraction. Now if in 
this Caſe, the Ray GH is ſo refracted at H, 
that GK is double or treble, Cc. of IL, then 
whateyer other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
yould! have been double, or treble, Sc. to 
that of its Angle of Reftaction. For Inftance, 
hd the Ray paſſed in the Line MH before 
lefraction, it would have paſſed in ſome Line, 
HN afterwards, ſo fituated that MO mould 
hve been double or treble, Fc. of N. 

When a Ray pats out. of a Vacuum into 
Ar, the Sine of the Angle of Incidence is 
bund to be to that of Refraction, as 100036 
b 100000. 

When it paſſes out of Air into Water, as 
bout 4 to 

When out of Air into Glaſs, as about 17 
0 11. 

When out af Air into a Diamond, as about 
J to 2. 


A 
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CHAP. III. 


Of the Refraction of Light in paſſing 
thro plain and ſpherical Surfaces, 


S Rays of Light are capable of having 

their Progreſs altered by Refraction or 
Reflection, it is poſſible they may acquire va- 
rious Inclinations and Directions different from 
thoſe which they had at their Emiſſion from 
the Surfaces of viſible Bodies. 

When they recede from each other as they 
paſs along, they are ſaid to diverge; and the 
Point they proceed from, is called the Radi 
ant Point. 

When they proceed towards any Point ap- 
proaching nearer together in their Progreſs, 
they are then ſaid to converge; and the Point 
towards which they tend, is called the Focus. 

This Focus may be either real or Imagina- 
7y ; it is ſaid to be real, when the Rays aQu- 
ally proceed to it ; but if they are intercepted 
in their Progreſs, or turned another Way be- 
fore they reach it, it is called their zmaginary 
Focus. 

Sometimes it happens, that Rays are ſo re- 
fracted or reflected, that they proceed after- 
wards, as from ſome Point, which is not their 
true Radiant, then alſo that Point is called 
their ĩmaginary Focus. 

When 


2 
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When they proceed in parallel Lines, they 
re then called parallel Rays; and both their 
focus and radiant Point is ſuppoſed to be at 
an infinite Diſtance. 

When Rays paſs out of ne Medium into 
mother, they ſuffer various Alterations in their 
Motion. All which are expreſſed in the eigh- 
teen following Propoſitions, i 

I. When parallel Rays fall obliquely on a 
plain Surface cf a Medium of different Denſi- 
ty, they are parallel alſo after Refraction. For 
hving all the ſame Inclination to the Surface, 
they ſuffer an equal Degree of Refraction. 

II. When diverging Rays paſs out of a rarer 
nto a denſer Medium through a plain Surface, 
they are made thereby to diverge leſs. 

For being all refracted towards their reſpec- 
ive Perpendiculars, (but thoſe the moſt that 
re the moſt oblique to the Surface,) they are 
wrought nearer to a Paralleliſm among them- 
klves ; that is, they are made to diverge leſs 
than before. 

See this and the following Caſes expreſſed more 
lter mi * and demonſtrated in the Net? 
below * 


III. When 


J. When Rays paſs out of one Medium into another of 
Gferent Denſity throagh a plain Surface; if they diverge, 
ue focal Diſtance will be to that of the radiant Point ; if they 
lnyerge, it will be to that of the imaginary Focus of the inci- 

C 920k 
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III. When they proceed out of a denſer in- 
to a rarer Medium, the contrary happens; for 
then being refracted from their reſpective Per- 

ndiculars, and thoſe the moſt that are the 
moſt oblique, they are made to diverge more. 


IV. $ 


dent Rays, as the Sine of the Angle of Incidence is to that of 
the Angle of Refraction. 

This Propoſition admits of four Caſes. 

Caſe 1. Of diverging Rays paſſing out of a rarer into a des- 
ſer Medium. 

Dem. Let X (Fig. 10.) repreſent a rarer, and Z à denſe 
Medium, ſeparated from each other by the plain Surface AB, 
Tuppoſe CE and CD to be two diverging Rays proceeding from| 
the Point C, the one perpendicular to the Surface, the other 
oblique ; through E draw the Perpendicular PK. The Ray 
CD being perpendicular to the Surface will proceed on in the 
Tight Line CQ, but'the other falling on it obliquely at E, and 
there entring a denſer Medium, will ſuffer a Refraction towards 
the Perpendicular EK. Let then EG be the refracted Ray, 
and produce it back till it interſe&ts DC produced alſo, in F. 
this will be the focal Point. On the Center E and with the Ru- 
dius EF, defcribe the Cirele AFBQ, and produee EC to H 
draw HI the Sine of the Angle of Incidence and GK that 0 
Refraction; equal to this is FP or CM, which let be drawn, 
Now if we ſuppoſe the Points D and E contiguous, or neath 
ſo, then will the Line HE be almoſt coincident with FD, an 
therefore FD will be to CD as HE to CE ; but HE is to CE 
as HI to CM, becauſe the Triangles HIE and CME are ſim 
lar; that is, the focal Diſtance of the Ray CE is to the Diltance 
of the Radiant Point, as the Sine of the Angle of Incidenc 
is to that of the Angle of Refraction. 2, E. D. 

Obſ. 1. Fhereas the Ratio of IE to ME, or which is the ſant 
Thing, that of nD to CD bears the exat Proportion of HI! 
CM, and becauſe this, (being the Ratio of the Sine of the 4ngi 
of Incidence to that of the Angle of Refraction) is alway t! 
fame, the Line In ts in all Inclinations 4 the Ray CE, at th 
fame Diſtance from CM ; con/equently had CE been coincider 


evith CD, the Point H had fallen uon n; and becauſe the Cir! 
paſſ's through both H and I, F would alſo have fallen en n 
pe 
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IV. So when converging Rays paſs out of 
rarer into a denſer Medium, through a plain 
Surface, they are made thereby to converge 
els. 

For 


non which Account. the Focus of the Ray CE would have been 
there. But the Ray CE being oblique to the Surface DB, the 
Paint H is at ſome Diſtance from n; and 1 ah the Paint 
F is neceſſarily ſo tao, and the more ſoby how much the greater that 
Difance is: from avhence it is clear, that no two Rays flowing 
from the radiant Point C and falling with different Obliquitias 
an the Surface BD, will after Refraction there, proceed as from 
the ſame Point ; therefore flrictiy ſpeaking, there is no one Point 
in the Line D produced, that can more properly be called the Fo- 
as of Rays flowing from C, than another: for thoſe which en- 
ter the refracting Surface near D, will after Reftaftion pro- 
wd, as has been obſerved, from the Parts abont n; * which 
ater near E, will flow as from the Parts about F; thoſe which 
ater about T, as from ſome Points in the Line DF produced, 
bx. And it is farther #0 be obſerved, that when the Angle DCE be- 
unes large, the Line nF increaſes apace ; wherefore thoſe Rays 
which fall near T, proceed after Refraftion, as from a more 
lifuſed Space, then thoſe which fall at the famADiftance from 
uch other near the Paint D. Upon whith Account it is uſual 
ih Optical Writers to ſuppoſe the Diſtance between the Points 
where the Rays enter the plain Surface of a refrafting Medi 
m, to be inconſiderable with Regard to the Diſtance of the ra- 
lant Point, if they diverge ; or to that of their imaginary Focus, if 
they converge : and unleſs there be ſome particular Reaſon to the 
untrary, they confider them, as entring the refracting Medium 
Direction as nearly perpendicular to its Surfaces as may be. 

Caſe 2. Of diverging Kays proceeding out of a denter into 
a rarer Medium. 

Dem. Let X be the denſer, Z the rarer Medium, FD and 
FE two diverging Rays proceeding from the Paint F; and ſup- 
poſing the Perpendicular PK drawn as before, FP will be the 
vine of the Angle of Incidence of the oblique Ray FF, which 
in this Caſe being refracted from the Perpendicular, will paſs 
on in ſome Line as ER, which being produced back to the Cir- 
eunference of the Circle will 2 the Ray FD ſomewhere, ſup- 


pole 
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For being all refracted towards their reſpec. 
tive Perpendiculars, and thoſe the moſt that 
are the moſt oblique, they themſelves are 
brought nearer to a Paralleliſm, and ſo con- 


verge leſs. 
V. On 


oſe in C, this therefore will be the imaginary Focus of the 
refracted Ray ER; draw RS the Sine of the Angle of Refrac. 
tion, to which HI will be equal: but here alſo FP or its equal 
CM, is to HI, as EC to EH, or (it the Point D and E be con- 
ſidered as contiguous) as DC to DF; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of Refradtion, 
as the focal Diſtance to that of the radiant Point. 2. E.PD, 

Ca/e 3. Of converging Rays paſſing out a denſer Meiun 
Into a rarer, 

Dem. Let Z be the denſer, -X the rarer Medium, and GE 
the incident Ray; this will be refracted from the Perpendicular 
into a Line as EH; then all Things remaining as before, GK, 
or its equal FP, or CM will be the Sine of the Angle of luci. 
dence, and HI that of Refraction: but theſe Lines, as beſore, 
are to each other, as DC to DF; that is, the focal Diſtance 
is to the Diſtance of the imaginary Focus, as the Sine of the 
Angle of Incidence to that of the Angle of Refraton. 
2. E. D. | 

Caje 4. Of converging Rays paſling out of a rarer into a 
denſer Medium. 

Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray; this will be refracted towards the Perpendi- 
cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI which is equel to RS, the Sine of the An- 
gle of Incidence, and FP that of the Angle of RefraQtion: 
but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine o 
the Angle of Incidence is to that of the Angle of Reſraction. 
2. E. D. 


II. When parallel Rays fall upon a ſpherical Surface of diffe- 
rent Denſity, the focal Diſtance will be to the Diſtance of the 
Center of Convexity, as the Sine of the Angle of Incidence 15 
to the Difference between that Sine and the Sine of the Ange 
of Refroftion, Th 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 
converge more, 


All 


This Propoſition admits of four Caſes. 

Caſe 1. Of parallel Rays paſſing out of a rarer into a den- 
ſer Medium through a convex Surface of the denſer. 

Dem, Let AB (Fig. 11.) repreſent a convex Surface, C its 
Center of Convexity ; HA and DB two parallel Rays, paſting 
ovt of the rarer Medium X into the denſer Z, the one perpen- 
ticular to the refracting Surface, the other oblique : draw CB, 
this being a Radius, will be perpendicular to the Surface at the 
foint B; and the oblique Ray DB being in this Caſe refracted 
towards the Perpendicular, will proceed in ſome Line, as BF, 
meeting the other Ray in F, which will therefore be the Focal 
foint : produce CB to N, then will DBN, or its equal BCA 
be the Angle of Incidence, and FBC that of Refraction. Now, 
whereas any Angle has the ſame Sine with its Complement to two 
icht ones, the Angle FCB being the Complement of ACB, which 
$ equal to the Angle of Incidence, may here be taken for that 
Angle; and therefore, as the Sides of a Triangle have the ſame 
tation to each other, that the Sines of their oppoſite Angles have, 
fB being oppoſite to this Angle, and FC being oppoſite to the An- 
tle of Refradion, they may here be conſidered as the Sines of 
the Angles of Incidence and of Refraction; and for the ſame 
Reaſon CB may be conſidered as the Sine of the Angle CFB, 
which Angle being together with the Angle FBC, equal to the 
external one ACB (32. EI. 1.) is itſelf equal to the Difference 
between thoſe two laſt Angles; and therefore the Line FB is 
to CB as the Sine of the Angle of Incidence is to the Sine of 
an Angle which 1s equal to the Difference between the Angle 
of Incidence and of Refræction. Now, becauſe in very ſmall 
Argles as theſe are, for we /uppoſe in this Caſe alſo the Diſtance 
AB to waniſh, the Reaſon of which will be ſhexwn by and by, their 
Lines bear nearly the ſame Proportion to each other that they 
themſelves do, the Diſtance FB will be to CB as the Sine of the 
Angle of Incidence is to the Difference between «© it Sine and 
the Sine of the Angle of Refraction; but becay + BA wanihes, 
F; and FA are equal, and therefore FA is to . i that Pro- 
portion, Q. E. O. 
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All which may be illuſtrated in the follow. 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 
two parallel Rays falling on the plain Surface 
EF 


S ©] & 


Obſ. 2. It apfears Com the foregoing Demonſtration, that thy 

focal Diftance of the Oblique Ray DB, ts ſuch, that the Lire be il 
Fall be to .he Line CB or CA as the Sine of the Angle of h. ir: 
dence to the Sine of an Angle, which Angle is equal to the Dif: Wl {eq 
rence between the Angle of Incidence and Refradtion ; therefore js Wl frat 
lung as the Angles BCA, &c. are ſmall, ſo long the Line BY Wl tot 
pretty much of the ſame Length, becauſe ſmall Angles have war; 
the ſame Relation to each other that their Sines haue. But why 
the, Paint B is removed far from A, /o that tbe Ray DB ce 
the Surface, ſuppoſe about O. the Angles BCA, &c. becoming 
large, the Sine of the Angle of Incidence begins ta bear a cinſute 
rably leſs Proportion to the Size of an . evhich ig equal 10 fle 
Difference between the Angle of Incidence and Refrattion tlas 
before, and therefore the Line BF begins to bear @ mach le/s Priur- 
tion to BC; wherefore its Length deereaſes apate: Upon which 
Account thoſe Rays which. enter the Surface about G. not only 
meet nearer the Center of Convexity than thoſe which enter at A, 
but are collected into a more diffuſed Space. From hence it is 
that the Point where thoſe andy which enter nem A, are collif- 
ed, is reckoned the true Focus; and the Diſtance AR in all De- 
monſtrations relating ta the Foci of parallel Rays entring a jjbt 
rical Surface whether. convex or concave, it ſuppoſed to Var 
niſh. 

Ca/e 2. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface of the denſer. 

Dem. Let X be the denſer, EZ the rarer Medium. AB the 
Surface by which they are ſeparated, C the Center of Convexy 
ty, and HA and DB two parallel Rays, as before. Through 
B the Point where the oblique Ray DB, enters the rarer Ms 
dium draw the Perpendicular CN; and let the Ray DB, being 
in this Caſe reſracted from the Perpendicular, proceed in the 
Direction BM ; produce BM back to H; this will be the im. 
ginary Focus, and DBN, or its equal ACB will be the Ange 
of Incidence, and CBM, or its equal HBN (for they are vert 
cal) that of Refraction; produce DB to L and draw B ſuch, 
that the Angle LBF may be equal to DBH : then becauſe NU 
and DBH together are equal to NBH the Angle of Refrac 
on, therefore BCA which is equal to the farſt, and LBF which 
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EF of a Medium of a different Denfity : Now 
becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendiculars GH, 

IK, 


x equal to the ſecond, are together equal to the Angle of Re- 
ſtaction; but LBF is equal to BFA (as being alternate to it) con- 
ſequently BFA and BCA together are equal to the Angle of Re- 
action; and therefore ſince one of them, viz. BCA is equal 


S tothe Angle of Incidence, the other is the Difference between 
unt Angle, and the Angle of Refraction. Now FB the Sine of 


the Angle FCB, or which is the ſame Thing, of its Complement 
o two right ones BCA, the Angle of Incidence, is to CB the 
dne of the Angle BFC, as FB to CB, that is as HB to CB; for 
the Angles DBH and LBF being equal, the Lines BF and BH 
ue ſo too; but the Diſtance BA vaniſhmg, HB is to CB, as HA 
to CA : that is, the Sine of the Angle of Incidence is to the 
fine of an Angle which is the Difference between the Angle of 
lacidence and Refraction, or becauſe the Angles are fmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Re fraction, as the Diſtance of the Focus from the Sur- 
ace is to that of the Center from the ſame. 2 E. D. 

Caſe 3. Of parallel Rays paſſing out of a rarer into a denſer 
Vediam through a concave Surface. 

Dem. Let X be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
vhen DB was the incident Ray, and paſſed outof a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to the Perpendi- 
cular, will alfo ſuffer the ſame Degree of RefraQion, and will 
therefore paſs on afterwards in the Line FB produced, v. g. to- 
wards P. So that, whereas in that Caſe the Point F was the 
real Focus of the incident Ray DB, the ſame Point will in this 
te the imaginary Focus of the incident Ray LB: Burt it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine 
of the Angle of Incidence is to the Difference between that and 
the Sine of the Angle of RefraQtion, therefore the focal Di- 
ſtance of the refracted Ray BP is to the Diftance of the Center 
of Convexity in that Proportion. Q. E. D. 

Ca/e 4, Of Parallel Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer. 

Dem, Let Z be the denſer Medium, having the convex Sur- 
face AB, and let LB and FA be the incident Rays, as before. 

Now 
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IK, before Refraction, they will make equal N 

Angles of Refraction with them afterwards, yi 

and fo proceed on in the parallel Lines BL 
DM, 


Now whereas when DB was the incident Ray paſſing out of a den. 
fer into a rarer Medium, it was refracted into BM, as in Caſe the 
ſecond, having a Point as H in the Line MB produced for it 
imaginary Focus; therefore LB, for the like Reaſon as was gi. 
ven in the laſt Caſe, will in this be refracted into BH, haying 
the ſame Point H for its real Focus. So that here alſo the Fo. 
cal Diſtance will be to that of the Center of Convexity, as the 
Sine of the Angle of Incidence is to the Difference between tha 
and the Sine of the Angle of Refraction. Q. E. D. 


III. When diverging or converging Rays enter into a M. 
um of different Denfity through a ſpherical Surface, the l 
compounded of that which the focal Diſtance bears to the U. 
ſtance of the Radiant Point (or of the imaginary Focus of the 
incident Rays, if they converge ;) and of that, which the Dj 
ſtance between the ſame radiant Point (or imaginary Focus) and 
the Center, bears to the Diſtance between the Center and the 
Focus, is equal to the Ratio, which the Sine of the Angle of 
Incidence bears to the Sine of the Angle of Refraction. 

This Propoſition admits of ſixteen Caſes, 

Caſe 1. Of diverging Rays paſſing out of a rarer into a Cenſer 


. 1 
Medium, through a convex Surface of the denſer, with ſuch ade. 
gice of Divergency, that they ſhall converge after Refraction. 


Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C is 
Center of convexity, and let there be two diverging Rays Al 
and AD, proceeding from the radiant Point A, the one per 
pendicalar to the Surface, the other oblique. Though the 
Center C produce the perpendicular Ray AD to F, and dne 
the Radius CB and produce it to K, and let BF be the refrafted 
Ray; then will F be the focal Point; produce AB to H, and 
through the Point F draw the Line FG parallel to CB. AB 
being the incident Ray, and CK perpendicular to the Surface 

at the Point B, the Angle ABK, or which is equal to it, l. 
cauſe of the parallel Lines CB and FG, FGH is the Angle 
of Incidence. Now <vhereas the Complement of any Angie tas 
to two right ones has the fame Sine with the Angle it el "_ 
the Sine of the Angle FGB, that bring the Complement 9 
FGli o two rig vt ones, may be eenſudercd as the Sine 9 

tre 


IILI Chap. 3. De Refraction of Light, &c. 27 
qual M. 2. Let the diverging Rays AB, AE, 
ards, N AE, (Fig. 6.) paſs out of a rarer into a den- 


BL Medium, through the plain Surface GH, 
D. and 


a den- the Angle of Incidence ; which Sire the Line FB. at the Sides of a 
aſe the angle bawe the ſame Relation to each other, that the Sines 0 
for r oppoſite Angles have, may be taken for, Again, the SE 
Was g. rde is the Angle of RefraQtion, or its equal, becauſe alternate 
wit, BFG, to which BG being an oppoſite Side, may be looked 
on as the Sine. But FB is to 10 in a Ratio compounded of FB 
tBA, and of BA to BG, for the Ratio that any two Qgantitir: 
far to each ather, is compounded of the Ratio, awhich the firſt 
hars to any orhtr, and of the Ratio which that other bears to the 
und. Now FB is to BA, fuppofing BD to wanifs, as FD to 
e 


| Mets DA; and BA is to BG, becau/e of the parallel Lines CB and FG, 
e Rati to CF. That is, the Ratio compounded of FD, the focal 
yr „ Mance, to DA, the Diſtance of the radiant Print, and of AC, 
of the 


# Diftance between the radiant Point and the Center, to CF, the 
ifance between the Center and the Focus, is equal to that 
uch the Sine of the Angle of Incidence bears to the Sine of 
Angle of Refraction. Q. E. D. 

Obſ. 3. Whereas the focal Diſtance of the oblique Ray AB is 
1, that the compound Ratio of FB to BA and of AC to CF 
ul be the ſame, whatever be the Di ſſance between B and D; 
ti evident, that fince AC is always of the ſame Length, the 
we the Line AB lergthens, the more FB muſt lengthen too, or 
FC muſt Sorten; but it appears by Inſpectian of the Figure, 
at if BF lengthens, CF will do /o too, and in à greater Pro- 
tion with reſpect to its own Length than BF cvill, therefore 


ne per Lengthening of BY will conduce nothing towards preſerving 
ugh the, Equality of the Proportion: but as AB lengthens, BF and 
d dar muſt both Horten, which is the only poſſible Way wherein 
efracted Proportion may be continued the ſame. And it is alſo apba- 
H, ande, that the farther B moves from D towards O, the faſter 
3. 3D BBB lengthen, and therefore the farther the Rays enter from 
Surface, e nearer to the refracting Surface is the Place where they 
it, K., but the Space they are collected in, is the more diffuſed : 
Ange therefore in this Caſe, as well as thoſe taken Notice of in 
J Ang! te two foregoing Obſervations, different Rays, though flrwing 


mu the ſame Point, ſhell conflitute different Focus's ; and 

wu are /o effectual as thoſe which enter at or wery near the 
Sine 9 D Paint 
tre 
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and let the Ray AB be perpendicular to thai pro 
Surface; the reſt being refracted towards their ing 
reſpective Perpendiculars EK, FM, and thoſe de 
the moſt that fall the fartheſt from B, they will 


pro- 


| D 
Point D. And ſince the ſame is obſervable of converging at un ben 
as of diverging Rays, none except thoſe which enter very ma - 
that Point, are uſually taken into Conſideration ; upon which 4p 4 
count it is, that the Diſtance DB, in determining the focal Di. 18 
flances of diverging or converging Rays entering à convex or cn. % 
cave Surface, is ſuppoſed to vaniſh. "oY 
"Thoſe who would ſee a Method of determining the preciſe yr 
Point which the Ray AB, whether it be parallel, converging,” 
or diverging to the Ray AF, converges to or diverges from after ＋ 
Refraction at B or any other given Point in the Surface DO, 1 0 
may find it in the Appendix to Molineux's Optics, which far * | 
the Sake of thoſe who have not that Book, I ſhall ſubjoin af " f 
the End of this Note. li 
Caſe 2. Of converging Rays paſſing out of a rarer into a der _ 
ſer Medium through a concave Surface of the denſer with ſuch; Ute 
Degree of Convergency, that they ſhall diverge after Refrac wy 
£10n, f 
Dem. Let the incident Rays be HB and FD paſſing out of 
rarer into a denſer Medium through the concave Surface BD (ent 
and tending towards the Point A, from whence the diverging. an 
Rays flowed in the other Caſe ; then the oblique Ray HB ha a * 
ing its Angle of Incidence HBC equal to ABK the Angle a - 
Incidence in the former Caſe, will be refracted into the Lu. if 
BL ſuch, that its refracted Angle KBL will be equal to FI. 
the Angle of Refraction in the former Caſe ; that is, it will pol D 
ceed after Refraction in the Line FB produced, having the anf r 
focal Diſtance FD with the diverging Rays AB, AD, in the othet L * 
Caſe, But, by what has been — demonſtrated, the Rs Þ. 
tio compounded of FD, the focal Diſtance, to DA, in this Caſt a h 
the Diſtance of the imaginary Focus of the incident Rays, and © fore 
AC, the Diſtance betaveen the ſame imaginary Focus and the Cry i 
ter, to CF, the Diflance betaveen the Center and the Focus, lr. 
equal to that which the Sine of the Angle of Incidence ben, 
to the Sine of the Angle of Refraction. ©. E. D. Ca 
Caſ 3. Of diverging Rays paſſing out of a rarer into a den Oy: . 


ſer Medium through a convex Surface of the denſer, with ſus 
a Degree of Divergency as to continue diverging. 9 
f _ 
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proceed in the Directions EN and FO, diverg- 
ng in a leſs Degree from the Ray AP, than 
they did before Refraction. 3. Had they pro- 

ceeded 


Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and let 
their Divergency be ſo great, that the refracted Ray BL ſhall alſo 
diverge from the other ; produce LB back to F which will be the 
focal Point; draw the Radius CB and produce it to K, produce 


M likewiſe towards G, and draw FG parallel to BC. Then will 
A be the Angle of Incidence, whoſe Sine BF may be taken for, 


u being oppoſite to the Angle BGF, which is the Complement 
of the other to two right ones. And LBC is the Angle of Re- 
fmCtion, or its equal KBF,or which is equal to this, BFG, as be- 
ng alternate; therefore BG the oppoſite Side to this may be ta- 
ken for the Sine of the Angle of Refraction. But BF is to BG, 
far the like Reaſon as was given in Caſe the firſt, in a Ratio 
compounded of BF to BA, and of BA to BG. Now BF is to 
A, (DB vaniſhing) as DF to DA, and becauſe of the parallel 
lines FG and BC, the Triangles CBA and AGF are fimil-r, 
therefore BA is to AG as CA to AF, conſequently BA is to 
A together with AG, that is, to BG, as CA is to CA together 
wh AF, that is, CF. Therefore the Ratio compounded of DF 
ue focal Diſtance to DA the Diſtance of the radiant Point, 
nd of CA the Diſtance between the radiant Point and the 
(enter, to CF the Diſtance between the Center and the Focus, 
equal to that which the Sine of the Angle of Incidence bears 
the Sine of the Angle of Refraction. Q E. D. 

Caſe 4. Of converging Rays paſſing out of a rarer into a den- 
& Medium through a concave Surface of the denſer in ſuch 
Manner that they ſhall continue converging. 

Dem. Let HB and CD be the incident Rays paſſing out of the 
mer into the denſer Medium through the concave Surface BD, 
ad rending towards A the ſame Point from whence the diverg- 
no Rays flowed in the laſt Caſe. Then becauſe the Ry HO 
ts the fame Inclination to the Perpendicular CK that AB had 
tefore, it will ſuffer the ſame Degree of Refraction, and pat; 
n in the Line LB produced, having its Focus F at the fame 
diſtarce from the refracting Surface as that of the diverging 
kay AB in the other Caſe. Therefore, Cc. 2 . D. 

Caſe 5. Of diverging Rays paſſing out of a denſer into a rarer 
Mediurs through a concave Surface of the denſer, 


D 2 Den 
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ceeded out of a denſer into a rarer Medium i ha 
they would have been refracted from their Per. ¶ co 
pendiculars EK, FM, and thoſe the moſt which ou 
were the moſt oblique, and therefore would 

have 


Dem. Let AB, AD (Fig. 14.) be the incident Rays paſſing thr 
out of a denſer into a rarer Medium through the concave Sur. WI the 
face BD, whoſe Center is C; and let BL be the refratted Ray, WW anc 
which produce back to F, and draw FG parallel to CB. Here duc 
ABK is the Angle of Incidence, to which its alternate one FH vi 
being equal, FB the oppoſite Side may be conſidered as the 
Sine of it, The Angle of Refraction is LBC or FBK, of which 
BEG being the Complement to right ones, BG the oppoſite 
Side may be looked upon as its Sine, But BF is to BG, in the 
com] ound Ratio of BF to BA and of BA to BG for the Reaſon 
given above. Now (BD vaniſhing) BF is to BA as DF to Da, 
and BA is to BG as CA to CF. That is, the Ratio com- 

unded of the focal Diſtance to the Diſtance of the radiant 

bins,” Se. . D. 

Caſe 6. Of converging Rays paſſing out of a denſer into 4 
rarer Medium through a convex Surface of the denſer. 

Dem. Let HB, CD, be the incident Rays tending towards 
the Point A which was the Radiant in the laſt Caſe. Then, 
for the Reaſon already given, the oblique Ray will ſuffer ſuch 
a Degree of Refraction, as to have its Focus F at the ſame Di. 
ſtance from the Surface, as the diverging Rays AB, AD had 
in that Caſe. Therefore, &c. 2. E. D. M: 

When the Mediums through which Rays paſs, and the reſract- ber 
ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) ar | 
collected in F, then Rays flowing from F through the ſame A Len 
dium the contrary Way, will be collected in A. For when y vb 
E out of one Medium into another, the Sine of the Angle d et 

cidence bears the ſame Proportion to the Sine of the Angle d *G 
Refraction, as the Sine of the Angle of Refraction does to the be 
Sine of the Angle of Incidence, when they paſs the contrary ate 
Way. This is applicable to each of the fix following Caſes I Th 
compared reſpectively with the fix foregoing ; therefore they I bei 
may be conſidered as the Converſe of them; or they may be Sin 
demonſlrated independently of them, as follows. anc 

Caſe 7. Of diverging Rays paſſing out of a denſer into 2 cf. 
rarer Medium through a convex Surface of the denſer, ſo as to re 
converge afterwards. 0 

in. 
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have diverged more than before. 4. Let the 
converging Rays AB, CD, EF (Fig. 7.) paſs 
out of a rarer into a denſer Medium, through 

the 


Dem. Let AB, AD (Fig. 15 ) be two diverging Rays paſſing 
through the convex Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refrated Ray, Draw CB 
and produce it to K, and draw FG parallel to it meeting ABpro- 
duced in G. Then will ABC be the Angle of Incidence, of 


| which FB being oppoſite to its alternate and equal Angle FGB, 


may be conſidered as the Sine. The Angle of Refraction is FBK, 
of which GB being oppoſite to its Complement to two right ones 
GFB, may be taken for the Sine. Now FB is to BG, in a Ra- 
tio compounded of FB to BA, and of BA to BG, But (BD 
vaniſhing) FB is to BA as FD to DA, and becauſe of the parallel 
Lines CB and FG, BA is to BG as CA to CF. Therefore the 
focal Diſtance, c. Q. E. D. a 

Caſe 8. Of converging Rays paſüng out of a denſer into a 
nrer Medium through a concave Surface of the denſer ſo as to 
liverge afterwards. 

Dem, Let GB and FD be the incident Rays tending towards 
A, and produce FB to L. Then as AB in the laſt Caſe was 
efracted into BF, GB will in this be refracted into BL, for 
the Reaſons already given, having F for its focal Point. There- 
hire, Se. . J. D. 

Caſe g. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer, in ſuch Man- 
ter as to continue diverging. 

Dem. Let AB, AD (Fig. 16.) be two Rays poſling out of a 
denſer into a rarer Medium, through the convex Surface DB, 
whoſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw 
FG parallel to CB meeting BA produced in G. Then will ABC 
be the Angle of Incidence, of which FB being oppoſite to its 
alternate and equal Angle FGB, may be conſidered as the Sine. 
The refracted Angle is LBK, or its equal CBF, of which BG 
being oppoſite to its Complement to two right ones BFG, is the 
Sine, Now BF is to BG in the compound Ratio of BF to BA 
and of BA to BG: but BF is to BA as DF to DA; and becauſe 
of the parallel Lines CB and FG, the Triangles BCA, AGF 
are ſimilar, therefore BA is to AG as CA to AF, and conſe- 
quently BA is to BG as CA to CF. Therefore, c. Q. E. D. 
Caſe 


n 


- - CY 
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the plain Surface GH, and let the AB be 
perpendicular to that Surface, then the. other 
Rays being refracted towards their reſpec. 

Fo tive 

Caſe 10. Of converging Rays paſſing out of a denſer into 2 
rarer Medium through a concave Surface of the denſer, in ſuch 
Manner as to continue converging. 

Dem. Let HB, MD be the incident Rays tending towards the 
Point A. Then will the oblique Ray HB for the Reaſons al. 
ready given be refracted into BF. Therefore, &c. Q. E. D. 

Ca/e 11. Of diverging Rays paſſing out of a rarer into a den- 
ſer Medium through a concave Surface of the denſer. 

Dem. Let AB, AD (Fig. 17.) be the incident Rays paſſing out 
of a rarer into a denſer Medium,through the concave Surface BD, 
whoſe Center of Convexity is C, and ſuppoſing the Line CB 
drawn and produced to K, the refracted Ray BL drawn and pro- 
duced back to F. and alſo FG drawn parallel to CB, ABC wil 
be the Angle of Incidence, of which FB being oppoſite to its 
Complement to two right ones BGF, is the Sine. The Angle 
of Refraction will be LBK or its equal FBC, of which BG be- 
ing oppoſite to its equal and alternate one BFG, is the Sine, 
Now FB is to BG in the compound Ratio of FB to BA and of 
BA t) BG. But (BD vaniſhing) FB is to BA as FD to DA, and 
becauſe of the parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, &c. 2. E. D. 

Caſe 12. Of converging Rays paſſing out of a rarer into a 
denſer Medium through a convex Surface of the denſer. 

Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe ; then, as was is: Ange above, 
BF will be the refrected Ray. Therefore, &c. Q E. D. 

Caſe 13. Of Rays paſſing out of a rarer into a denſer Medium 
from a Point between the Center of Convexity and the Surface, 

Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of 2 
rarer into a denſer Medium from the Point A, which let be po- 
ſited between C the Center of Convexity and the refracting Sur- 
face BD; through B draw CK, and let BL be the refracted 
Ray; produce BL back to Fand draw FG parallel to BC. 
Then will ABC be the Angle of Incidence, of which BF being 

ſite to its Complement to two right ones BGF, is the Sine. 
LBK will be the Angle of Refraction, or its equal FBC, of 
which BG being oppoſite to its alternate and equal one BFG, 
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tive Perpendiculars DK, FM, and EF for 
Inſtance more than CD, they will proceed 
in the Directions DN, FN converging in a 
leſs Degree towards the Ray AN, than they 
| [\ did 
is the Sine. But, as before, BF is to BG in a compound Ra- 


tio of BF to BA and of BA to BG ; and (BD vaniſhing) BF is 
to BA as DF to DA, and becauſe the Lines CB and FG are pa- 


| rallel, BA is to BG as CA to CF. Therefore, &c. 2. E D. 


Caſe 14. Of Rays paſſing out of a rarer into a denſer Medium 
towards a Point between the Center of Convexity and the 
Surface. 

Dem. Let the incident Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Caſe, Then as 
u that Caſe the refracted Ray BL being produced back paſſed 
through F, in this the reſtacted Ray itſelf, for the like Rea- 
ſons as were given in the foregoing Caſes, will paſs through that 
Point, Therefore, &c. Q. E. D. 

Caſe 15. Of Rays paſſing out of a denſer into a rarer Medium 
fom a Point between the Center of Convexity and the Surface. 

Dem, Let AB, AD (Fig. 19.) be twodiverging Rays paſſing 
out of a denſer into a rarer Medium through the refracting Sur- 
face BD, whoſe Center of Convexity is C, a Point beyond that 
tom whence the Rays flow. Through B draw CK, and let BL 
te the refrated Ray, produce it back to F, and draw FG pa- 
nllel to BC meeting BA produced in G. ABC will be the An- 
gle of Incidence, of which BF being oppoſite to its alternate 
and equal Angle BG F, is the Sine. The Angle of Refraction 
5s LBK or its equal FBC, of which BG being oppoſite to its 
Complement to two right ones BFG, is the Sine. But BF is 
to BG in the compound Ratio of BF to BA and of BA to BG; 
and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 
the parallel Lines CB and GF, the Triangles AFG and ABC 
are fimilar.. BA therefore is to AG as CA to AF, conſequently 
BA is to BA and AG together, that is, to BG, as CA is to CA 
and AF together, that is, to CF ; and therefore the focal Di- 
ſtance, &c. 2. E. D. | 

Caſe 16, Of Rays paſſing out of a denſer into a rarer Me- 
dium towards a Point between the Center of Convexity and the 
Surface. 


Dem. 


— 
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did before. 5. Laſtly, had the firſt Mediuy 
been the denſer, they would have been re. 
frafted the other Way, and therefore hays 


converged more. _ frad 
VI. When 
Den Let HB, MD be the incident Rays, having for their whic 
mmaginary Focus the Point A which was the Radiant in the att have 
Cafe, and let C the Center of Convexity of the refra&ing S»rfce Tern 


be poſited beyond this Point. Then will HB, for the Reafons Equa 
already given, be refracted into BF, having the Point E for it; In 
real Focus which was the imaginary one of the diverging Rays voule 
AB, AD in the former Caſe, Therefore as before the Ran- 1700 
compounded of that which the focal Diſtance bears to the Dj. focal 
ſtance of the imaginary Focus of the incident Rays, and of that heu- 
which the Diſtance between the ſame imaginary Pocus and the that c 
enter, bears to the Diſtance between the Center and the Fo. that is 
cus, is equal to che Ratro which the Sine of the Angle of In- Giant. 
cidence bears to the Sine of the Angle of RefraRion. Q. E. P. the F 
The firſt Term in the foregoing Proportion (v. that in Pro- vide u 
poſition the 3d of this Note) being always an unknown Quan- hint, 
tity, thoſe who are not well verſed in the Uſe of ſuch Propo- by xÞ 
ſitions, may think it impoſſible to inveſtigate the focal Diſtance Fgure 
of any refracting Surface by it: I ſhall therefore exemplify it Girfac 
in the following Iaſtance, by which the Manner of doing it in Pint. 
all others will clearly be underſtood, v. g. Let it be required In 1 
to determine the focal Diſtance of diverging Rays paſſing out Theor 
of Air into Glaſs through a convex Surface, and let the Di- ung 
ſtance of the radiant Point be 20, and the Radins of Convexi- unacq 
ty be 5: Now becauſe we muſt make Uſe of the focal Di- * 
ſtance Fir we know it, let that be expreſſed by ſome Sym- WM gurfac 
bol or Character as x : Then, becauſe by the aforeſaid Propo- 
ſition the Rario compounded of that which the focal Diſtance AV 
bears to the Diſtance of the radiant Point (that is in this Suppo- ſpberic 
ſition, of x to 20; and of the Ratis which the Diſtance of the conver 
ſame radiant Point from the Center bears to the Diſtance between From 2] 
the Center and the Focus (in this Caſe, of 25 to x—5) is equal « Þ 
to the Ratio which the Sine of the Angle of Incidence bears to IF « from 
the Sine of the Angle of Refraction (that is, of 17 to 11), we "y 
ſhall have in the Inftance before us, the following Proportion,viz. IF the 
& : 20 « 
: 17 : 11, and compounding them into one, Iu. 
her 


25: «3 


which 
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VI. When Rays proceed out of a rarer into 

2 denſer Medium, through a convex Surface 

of the denſer, if they are parallell before Re- 
faction, they become converging afterwards, 

For 


which is done by mutliplying the two firſt Parts together, we 
have 25x : 20 — 100: : 17: 11, and multiplying the extream 


| Terms and middle Terms together, 340x—1700==275x,which 
Equation after due Reduction gives æẽ . 


In ſome Caſes which might have been put, the Quanti 65 
would have been negative, and then the Quotient ariſing — 
1700 divided by that, would have been ſo too; that is x the 
focal Diſtance would have been Negative, in which Caſe the 
Ficus muſt have been taken on the contrary Side the Surface to 
that on which it was ſuppoſed to fall in ſtating the Problem; 
that is, it muſt have been taken on the ſame Side with the ra- 
dant Point, for in calling the Diſtance between the Center and 
the Focus x—5 it was ſuppoſed the Focus would fall on the ſame 
vide with the Center or on that which is oppoſite to the radiant 
hint, becauſe otherwiſe that Diſtance muſt have been expreſſed 
by x5, as any one may fee by Inſpection of the 13th or 14th 
Figure, in which the Focus of diverging Rays entring a convex 
derface, is ſuppoſed to fall on the ſame Side with the radiant 
Point. 

In like Manner as this Problem was performed a 
Theorem may be raiſed to ſolve it in all Caſes whatſoever, by 
ung Characters inſtead of Figures; as every one who is not 
uacquainted with algebraic Operations very well knows. 

See this done, and applied to the Paſſage of Rays through the 
Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entring a 
ſpherical Surface at any given Diſtance from the Vertex of it, 
converges to or diverges from after RefraQtion at the ſame. 
From the Appendix to Molineux's Dioptrics. 

« Prop. To find the Focus of any Parcel of Rays diverging 
* from, or converging to a given Point in the Axis of a /pherica/ 
Lens [Surface] and inclined thereto under the ſame Angle; 
the Ratio of the Sines in Refraction being known. 

« Let GL (Fig. 20.) be the Lens, P any Point in its Surface, 
V the Pole [ Vertex] thereof, C the Center of the Sphere 
* whereof it is a Segment, O = Object or Point in the Axis to 


= ot 
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For in this Caſe, the Perpendiculars at the I ch 
Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 


& or from which the Rays do proceed, OP a given Ray; and 
4 let the Ratio of Refraction be as r to 5 ; make CR to CO az 
tor for the Immerſion of a Ray, or as to : for the Emer. 
«« ſion, (that is, as the Sines of the Angles in the Medium which 
« the Ray enters, to their correſponding Sines in the Mediun 
« out of which it comes) and laying CR from C towards 0, 
« the Point R ſhall be the ſame for all the Rays of the Point O. 
% Then draw the Radius PC (if Need be) continued, and with 
* the Center R and. Diſtance OP ſweep a Touch of an Arch in- 
« terſecting PC in Q; the Line QR being drawn ſhall be pa. 
* rallel to the refracted Ray, and PF being made parallel 
* thereto, ſhall interſe& the Axis in the Point F, which is the 
. Focus ſought. Or make it as CQ: CP: : CR: CF, and CF 
« ſhall be the Diſtance of the Focus from the Center of the 
Sphere. 

« Dem. Let fall the Perpendiculars PX on the Axis, CY on the 
« given Ray, and CZ on the refracted Ray. By the Conſtrudion 
* Pe and QR are parallel, whence the Triangles QRC and PFC 
« are ſimilar, and CR to QR, as CF to PF, that is CR to Ob a 
« CF to PF. Now CF: PF: : CZ: PX ob fimilia Triang, 
% whence CR: OP:: CZ: PX, and CR: CZ:: OP: PX, Again, 
« CR is to CO as the Sines of Refraction by Conſtruction, that 


« is, as 3 to r, or r tos; and as CR to CZ, ſo (CO=) = et 
s a. 1 
« —CRto ry CZ, and ſo is PO to PX: But as PO to PX, 


r 4 
ſo CO to CY. Ergo CY ==—or—CZ, that is CY to CZ ha « y 


| DS 
the Sines of Refraction, but CY is the Sine of the Angle of MW « 
Incidence, and CZ of the reſracted Angle. Ergo conſtat WM . ane 
« Propofitio. 
** Hitherto we have conſidered only obligue Rays ; it now re- . ye! 
mains to add ſomething concerning Rays parallel to the Axis: M « OF 
In this Caſe the Point O muſt be conſidered as infinitely di- 
«« ſtant, and conſequently OP, OC, and CR are all infinite; If x 
« and OP and OC are in this Caſe to be accounted as always lance 
* equal, (ſince they differ but by a Part of the Radius of — 
. 
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the other Side; and therefore, as the Rays 
are refracted towards thoſe Perpendiculars, 
they are neceſſarily refracted towards each 
other, and thereby made to converge. 

VII. If they enter diverging, then f@ the 
ame Reaſon, they are made to diverge leſs, 


« Sphere GPVL, which is no Part of either of them) where- 
« fore the Ratio of CR to OP will be always the ſame, wiz. 


© as s to for immerging Rays, and as + to s for thoſe that 
emerge. And by this Propoſition CF is to PF in the ſame 


« Ratio. It remains therefore to ſhew on the BaſeCP how to find 
all the Triangles CPF, wherein CF is to PF in the Ratio given 
« by the Degree of Refraction. This Problem has been very 
fully conſidered by the celebrated Dr. Vallis in his late 
« Treatiſe of Algebra,p.258, to which I refer ; but I muſt here 
« repeat the Conſtruction thereof. See Fig. 21 and 22. 

Let GPVL be a Lens, VC or PC the Radius of its Sphere, 
« and let it be required to find all the Points /, /, ſuch, as CF 
may be to Pf in the given Ratio of f to r for immerging Rays, 
or as r tO : for the 21 Divide CV in K, and continue 
« CV to F, that CK may be to VK, and CF to VF in the 
« propoſed Ratio. Then divide KF equally in the Point a, 
« and with that Center = the Circle FEF ; this Circle be- 
ing drawn gives readily all the Foci of the parallel Rays OP, 
« OP. For having continued CP till it interſe& the Circle in 
„F, PF ſhall be always equal to VFthe Diſtance of the Focus 
« of each reſpective Parcel of Rays OP from the Vertex or Pole 
of the Lens. 

« To demonſtrate this, draw the pricked Line VF, and by 
« what is delivered by Dr. Vallis in the above-cited Place, VF 
and CF will be always in the ſame propoſed Ratio. Again, 
« Vf being made equal to PF, CF and CF will be likewiſe 
„equal, as are CP, VC; and the Angles PC/, VCF being ad 
% verticem are alſo equal: Wherefore EF will be equal to VF, 
« and conſequently Cf to PF in the ſame Ratio as CF to VF, 
« whence, and by what foregoes, the Points f, /, are the ſe- 
« yeral reſpective Foci of the ſeveral Parcels of Rays, OP, 


a Or,” 2, E. 5.— 


If any one would ſee how this is to be applied in all other In- 
ances, he may conſult the Place. 
E 2 to 
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to be parallel, or te converge, according to 
the Degree of Divergency they have before 
they enter. | 

For if they diverge very much, their being 
bent towards their reſpective Perpendiculars in 
paſſing through the Surface, may only diminiſh 
their Divergency ; whereas, if they diverge in 
a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section the 
17th of this Chapter. 

VIII. If they converge in ſuch Manner a 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 
paſs on to the Center without ſuffering any 
Refraction. 

IX. If they converge leſs than their Perpen- 
diculars, that is, if they tend to a Point be- 
yond the Center of Convexity, they are made 
by Refraction to converge more; and if they 
converge more than their Perpendiculars, that 
is, if they tend towards a Point between the 
Center and the Surface, then by being refrac- 
ted towards them, they are made to converge 
leſs. 

This and the three foregoing Propoſitions 
may be illuſtrated in the following Manner. 
1. Let AB, CD (Fig. 8.) be two parallel 
Rays entring a denſer Medium through the 

CONVEX 
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convex Surface DB, whoſe Center of Convexi- 
ty is E; and let one of theſe, viz, AB be per- 
pendicular to the Surface, This will paſs on 
through the Center without ſuffering any Re- 
fraction, but the other being oblique to the 
Surface, will be refracted towards the Perpen- 
dicular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 
the other Ray, and meeting it in G, which 
Point for that Reaſon is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 
poſe in the Line AD, it would, by being re- 
trated towards its Perpendicular ED, have 
been made either to diverge leſs, be parallel, 
or to converge. 3. Let the Line ED be pro- 
duced to F, and if the Ray had converged, fo 
28 to have deſcribed the Line FD, it would 
then have been coincident with its Perpendicu- 
lar, and have ſuffered no Refraction at all. 4. 
If it had proceeded from any Point between C 
and F, as from H, or which is the ſame 
Thing, towards any Point beyond E in the 
Line BE produced, it would have been made 
to converge more, by being refracted towards 
the Perpendicular DE, which converges more 
than it; and had it proceeded from -ſome 
Point, as I, on the other Side F, that is, to- 
wards any Point between B and E, it would 
then have converged more than its Perpendi- 
cular, and ſo, being refracted towards it, would 
have been made to have converged leſs. 

X. When 
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Xx. When Rays proceed out of a denſer into 

a rarer Medium, through a concave Surface of 
the denſer, the contrary happens in each Caſe, 
For being now refracted from their reſpectiye 
Perpendiculars, as they were before towards 
them, if they are parallel before Refraction, 
they diverge afterwards ; if they diverge, their 
Divergency is increaſed ; if they converge in 
the Direction of their Perpendiculars, they {uf 
fer no Refraction; if they converge leſs than 
their reſpective Perpendiculars, they are made 
to converge ſtill leſs, to be parallel, or to d. 
verge; if they converge more, their, Conver on 
gency is increaſed. All which may clearly be WM na, 
ſeen by the Figure, without any farther Illu. ¶ acc. 
tration, imagining the Rays AD, CD, &c. ore 
bent the contrary Way in their Refractions to , 
what they were in the former Caſes. , A Caf 
XI. When Rays proceed out of a rarer into WM all. 

a denſer Medium, through a concave Surface 447 
of the denſer, if they are parallel before Ne- E, 
fraction, they are made to diverge. face 
For in this Caſe, the Perpendiculars at the ſup) 
Points where the Rays enter the Surface, being MW will 
drawn from a Point on that Side of the Surface MW one 
from which the Rays tend, if we conceive © dici 
them to pals through the Surface, they will | aG 
be ſo many diverging Lines on the other Side, © had 
and therefore the Rays after they have paſſed I tion 
through the ſame Points, muſt neceſſarily be Per 
rendered diverging in being refracted towards mor 


them. 
XII. It 


_ 


* 4 
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XII. If they diverge before Refraction, then 
ſor the ſame Reaſon, they are made to diverge 
more. 

XIII. Unleſs they proceed directly from the 
Center, in which Caſe they fall in with their 
perpendiculars, and ſuffer no Refraction: or 
from ſome Point between the Center of Con- 
rexity and the Surface, for then they diverge 
more than their reſpective Perpendiculars, and 
therefore being by Refraction brought towards 
them, they become leſs diverging. 

XIV. If they converge, then being refracted 
towards their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, 
according to the Degree they converged in be- 
fore Refraction. 

To illuſtrate this, and the three foregoing 
Caſes. 1. Let AB, CD (Fig. 9.) be two pa- 
allel Rays entring the concave and denſer Me- 
tum X, the Center of whoſe Convexity is 
E, and the Perpendicular to the refracting Sur- 
face at the Point D, is EF; the Ray AB if we 
ſuppoſe it perpendicular to the Surface at B 
will proceed on directly to G; but the oblique 
one CD being refracted towards the Perpen- 
dicular DF, will recede from the other Ray 
AG in ſome Line as DH. 2. If the Ray CD 
had proceeded from A diverging in the Direc- 
tion AD it would have been bent nearer to the 
Perpendicular, and therefore have diverged 
more, 3. But if it had diverged from the Cen- 

ter 


Y 
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ter E, it would have fallen in with the Per. 
ndicular EF, and not have been refracted at 
all: and had it proceeded from I, a Point on 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF have 
roceeded in ſome Line nearer it than it other. 
wiſe would have done, and ſo would diverge 
leſs than before Refraction. 4. If it had con- 
verged in the Line LD, it would have been 
rendered leſs converging, parallel, or diverging, 
according to the Degree of Convergency, which 
it had before it entered into the refracting Sur. 
face. 

XV. If the ſame Rays proceed out of a den- 
fer into a rarer Medium through a convex Sur- 
face of the denſer, the contrary happens in 
each Suppoſition : The parallel are made to 
converge; thoſe which diverge leſs than their 
reſpective Perpendiculars, that is, thoſe which 

oceed from a Point beyond the Center, are 
made leſs diverging, parallel, or converging, 
according to the Degree in which they diverge 
before Refraction; thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between 
the Center and the refracting Surface, are 
made to diverge ſtill more. And thoſe which 
converge,are made to converge more. All which 
may eaſily be ſcen by conſidering the Situation 
of the Rays AD, CD, &c. with Reſpect to 
the Perpendicular EF ; and therefore requires 


no farther Illuſtration, 
XVI. When 
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XVI. When diverging Rays are by Refrac- 


on made to converge, the nearer their radiant 
Point is to the refracting Surface, the farther 
their Focus from 1t on the other Side, and 
dice versd. 

For the nearer the Radiant Point is to the 
refracting Surface, the more the Rays which 
fill upon*the ſame Points of it, diverge before 
Refraction, upon which Account they con- 
rerge the leſs afterwards. 

XVII. When the radiant Point i is at that 
Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by Refraction be collected, then Rays 
flowing from that Point become parallel on the 
other Side, and are ſaid to have their Focus at 
an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
theRay paſſes one Way or the other. For 
lnſtance, if the parallel Rays AB, CD (Hg, 8.) 
in paſſing through the refracting Surface BD 
re brought to a Focus in G, then Rays flow- 
ing from G as a radiant Point will afterwards 
proceed in the parallel Lines BA and DC. 
And the Point G, where the parallel Rays AB 
and CD meet after Refraction, is called the 
Focus of parallel Rays. 

XVII. When Rays proceed from a Point 
nearer the refracting Surface than the Focus of 
paralle] Rays, they continue to diverge after 
Refraction, and their Focus is then an imagi- 

F nary 
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nary one, and ſituated on the fame Side the 
Surface with the Radiant. | 
For in this Cafe, their Divergency being 
greater then that which they would have, if 
they had proceeded from the Focus of paralle 
Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they pal: 
ſed through the refracting Surface; upon which 
Account, they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 


the refracting Surface than their Radiant. 


CHAP. IV. 


07 Lenſes, and the Manner in which 
Rays are alfected in paſſing throug) 


them. 


Lens, is a Medium terminated on one 

Side by a ſpherical Surface, on the other 
by a Surface either plain or ſpherical. And df 
theſe there are five Sorts. The firſt, as A, 
(Fig. 23.) is plain on one Side and convex on 
the other; the ſecond, B, convex on both 
Sides ; the third, plain on one Side and con- 
cave on the other, as C; the fourth, D, con- 
cave on both Sides; the fifth, convex on one 
Side and concave on the other, as E, which 
is by ſome called a Meniſcus. 


The 
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The Axis of a Lens is a Line paſſing per- 
pendicularly through both its Surfaces: Thus, 
the Line FG is an Axis common to all the five. 

Lenſes are diſtinguiſhed into two general 
Kinds, convex and concave ; the firſt and ſe- 
cond Lenſes are conſidered, as convex ; the 
third and fourth, as concave : the laſt, if its 
Convexity is greater than its Concavity, is 
looked upon, as convex ; if on the contrary, it 
is conſidered as concave. 

A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 

When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and thereby 
collected to a Focus on the other Side. 

To explain this, let us trace the Progreſs of 
a Ray as AB (Fig. 24.) through the convex 
Lens CPEH, whole Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE; and let the Ray AB 
be parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
entring the denſer Subſtance of the Lens will 
be refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 
face at B in ſome Direction inclined towards 
the Axis, as BP. Through M the Center of 


Convexity of this Surface and the Point P draw 
5 2 the 


46 Of Lenſes, &c. Part III 


the Line MR, which paſſing through the Cen. 
ter will be perpendicular to the Surface at P, 
and the Ray now entring a rarer Medium will 
be refracted from the Perpendicular into ſome 
Direction as PF. In like Manner, and for the 
fame Reaſons, the parallel Ray ST on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 
Point, unleſs the Rays AB and ST enter the 
Surface of the Lens at too great a Diſtance from 
the Axis IF, the Reaſon of which has already 
been fully explained &. 

The Point F where the parallel Rays AB, 
SF, Sc. are ſuppoſed to be collected by paſ- 
ſing through the Lens CE, is called the Focus 
of parallel Rays of that Lens. 

If the Rays converge before they enter the 
Lens, they are then collected at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 
are then collected in a Point beyond F; unleſs 
they proceed from a Point on the other Side at 
the ſame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered paral- 
lel. If they proceed from a Point nearer than 
that, they diverge afterwards, but in a leſs De- 
gree than before they enter the Lens. 

If the Lens is plain on one Side and convex 
on the other, the Rays are refracted the ſame 
Way, but in a leſs Degree. 


* Sce Ob/ervation 3, in the foregoing Note. 
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If the Rays AB, ST, be ſuppoſed to pro- 
ceed from a radiant Point on one Side of the 
Lens, and be refracted into a Focus, as at F, 
on the other ; then Rays proceeding from that 
focal Point, F, as from a Radiant, and ſuppoſed 
to paſs through the Lens the contrary Way, 
will be collected in that Point which was the 


Radiant in the other Caſe : and the nearer the 


Radiant Point is to the Lens, the farther is the 
Focus from it on the other Side, and vice vers. 

If the Rays AB, CD, EF, &c. (Hg. 25.) 
be parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lens, they 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 
the Middle of the Lens and falls upon the Sur- 
face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N; but then it will 
be refracted the contrary Way in one Place to 
what it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 
ceive if we imagine ND to bea Ray paſling 
out of the Lens both at N and D, for it 1s evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 


which Account the Difference between the Si- 


tuation of the Point L and one directly oppo- 
lite 
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ſite to C, is ſo ſmall, that it is generally neg, 
lected; and the Focus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 
the middle Point of the Lens, were it to ſuffer 
no Refraction, would. proceed in. 

All which is ſufficiently clear, from wha 
has been ſaid concerning the Laws of Refrac: 
tion explained in the foregoing Chapter. 

When parallel Rays fall upon a concaye 
Lens, they are refracted from each other in 
paſſing through it, and thereby made to di. 
verge, proceeding as from an imaginary Focu: 
on the firſt Side of the Lens. 

In order to comprehend this, let ABCD 
(Tig. 26.) repreſent a concave Lens, EO its 
Axis, GH the Radius of the firſt Concavity, IK 
that of the ſecond; produce HG to L, and tet 
M be a Ray of Light entring the Lens at the 
Point G. This Ray being refrated towards 
the Perpendicular GL, will paſs on to ſome 
Point as K in the other Surface more diſtant 
from the Axis than G, and being there refradt- 
ed from the Perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed in the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the j imaginary Focus of parallel Rays of 
this Lens, ; i 


III 
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If the Rays diverge before they enter the 
Lens, their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens 
ing towards ſome diſtant Point in the Axis as 


IE, they are then rendered leſs converging : if 


they converge'to a Point at the ſame Diftance 
from the Lent with the Focus of parallel Rays, 


they then go out parallel; if to a Point at a 


leſs Diſtance they remain con verging, but in a 
eſs Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the 
nearer alſo is their imaginary Focus after Re- 
fraction, and vice verſa. 

If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like Refraction 
in each Caſe, but in a leſs Degree. 

The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Lens, 
js eaſily to be deduced from the Laws of Re- 
faction delivered in the foregoing Chapter. 

But the Method of determining the exa& 
focal Diſtances of Lenſes is to be had from the 
Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter. Thus, the 
Progreſs of the Rays after their Refraction at 
the firſt Surface where they enter a Lens, is 
had by one of thoſe which determines the fa- 
cal Diſtance of Rays entring a denſer Medium 
of ſuch Form: And their Progreſs after their 


Re- 
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Refraction at the other Surface where they go 
out, is had by computing what Progreſs Rays, 
moving in the Direction they are found to have 
after their Entrance at the firſt Surface, will 
acquire by being refracted at the other; which 
is to be effected by one which determines the 
focal Diſtance of Rays paſſing out of a denſer 
Medium of like Form with that of the Lens“. 

| When 


* Ora general Theorem may be made after the following 
Manner, to determine the Progreſs of Rays after Refraction at 
both Sides of the Lens, whatever be the Matter of it, or the 
Form wherein it is made. 

Thus ſuppoſe GH (Fig. 28.) to be a given Lens, and E a Point 
in its Axis from whence the diverging Rays EL, Ec. fall upon 
the Lens, AL, the Radius of the firſt Convexity, and CK thatof 
the ſecond ; let LKV be the Direction of the diverging Ray EL 
after its Refraction at the firſt Surface, and KF its Dire&ion after 
Refraction at both. Then will F/ be the Focus of the Rays after 
their firſt Re fraction, and F the Point they will meet in after both, 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of I to R. Call EB, d; 
BD, ; AB, ; CD, ; Bf, x; DF, 3: Now, to find / their 
Focus after Refraction at L where they enter the firſt Surface of 
the Lens, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of æ, the focal 
Diſtance ſought, to d, the Diſtance of the radiant Point; and of 
dr, the Diſtance between the ſame Point and the Center, to 
& r, the Diſtance between the Center and the Focus, is as I toR; 
compounding theſe tuo Ratios therefore (that is multiplying them 
together) we have dx e: x- Ar: : I: R; which Proportion 
——— into an Equation, and duly reduced, gives x= 


0 
DNN. 


Thus having ſound the Diſtance R/ and conſequently the Point 
J. to which the Rays converge from L, we muſt proceed to find F. 


that to which they will converge after having paſſed n 
| W 
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go When a Ray paſſes through a Medium ter- 
50, minated by two plain and parallel Surfaces, it 
we is 


* where they ſuffer a ſecond Refraction: This comes under the 
IC ame Propofition z but, if we would uſe the ſame Letters as be- 
the fore, to expreſs the Proportion which the Sine of the Angle of 
\er Incidenee bears to that of the Angle of Refraction, they muſk 

de put one for the other; becauſe, when Rays paſs out of a 
denſer into a rarer Medium, the Sine of the Angle of Inci- 
hen ! dence bears the ſame Proportion to the Sine of the Angle 

of Refraction, that the Sine of the Angle of Refraction 

does to the Sine of the Angle of Incidence, when they pats 
wing I out of a rarer into a denſer. This being obſerved, by the 
n at i aforeſaid Propoſition, we ſhall have the Ratio compounded of , 


& the focal Diſtance, to = 1 „ the imaginary Focus of the 
Jen R. Id 

upon Wl incident Rays, and of. Wn tb, the Diſtance between 

lat of 75272 


y EL the imaginary Focus and the Center, toy, the Diſtance between 
Alber the Center and ibe Focus, as R to l. Which Equation, if we reduce 


aſter de mi . Idr Id. I 
both mixed Quantites TRE —f, and 8 Fa 
which WI +:: into improper Fractions, will ſtand thus: 

Angle 

B. d; IA. -I Ru -R= / 

"their 99 

ace of and 1 
ioned Idr—Td:4-Rdtb-Rrtheldr —Rdc—Rys 

e focal — Ra * : jobs 

nd of 

,. And, compounding theſe Ratio's, we have 

yr -L RH CN Ran- Rv IA - IAH RAe 
dn Ii I 7 
6 x +Rrtyob Ldre—Idts Rats Ryts 


* — :: R: I. And, throwing out 


the two equal Denominators Ia - RAR and I- RA—Rx, 
ad multiplying Extreams together and Means together, we have 
LAH —IIT Y- TIR IR- Hidey —IRdo—IRvgz=IRay— 
y ＋ RRaty + Rkrty + IRA. —-I RA + RRdts + RR 


R . : IRdr5—|Rdts 
vhich Equation, being reduced, gives y= ILIE 


. + RR4154-RRvts 
TEK NN 


G This 
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is refracted one Way in going out of the ſecond, 
as much as it was the other in entering the firſt; 
and therefore proceeds after wards not in the ſama 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 2.) 
enters the denſer Medium C DEF terminated by 
the parallel Surfaces CD and EF, it is refracted 
at B towards the Perpendicular BI, — 
to a Point as G, where it is as much refracted 
from the Perpendicular GK in going out, and 
proceeds in the Direction GH. not the ſame, 
but parallel to the former ABL. 


This Theorem may be applied to all Caſes whatever, even to 
lain Surfaces mutatis mutandis; v. g. the Radius of a concave 
Surface being negative (as lying the contrary Way) with Reſpect 
to that of a convex, and the Radius of a plain Surface being an 
infinite Line; if we would apply this Theorem to a concave Sur. 
face, we muſt change all the Sines of thoſe Members wherei 
the Symbol expreſſing the Radius of that Surface occurs ; and, 
if to a plain Surface, all the Members which involve the Ra 
dius muſt be conſidered as infinite Quantities ; that is, all, ex- 
cept them, muſt be ſtruck out of the Equation as nothing. 80, 
likewiſe if we would have it extend to other Rays beſides 
diverging ones, the Point where converging Rays would meet 
lying on the contrary Side to that from whence the- diverging 
ones were ſuppoſed to flow, its Diſtance muſt be made nega- 
tire; and, the Diſtance where parallel Rays meet being infinite, 
it is only changing the Sines of all thoſe Members in which 4 
is found, if the Rays are ſuppoſed converging, or making thoſe 
Members infinite, in Caſe the Rays are ſuppoſed parallel; 
which is done by ſtriking out all the reſt, as IS Pro- 
portion to them. | . 
See the Method of reducing this Equation to fewer Terms, 
where it is alſo illuſtrated with divers Inſtances, in Dr. Broen's 
Appendix to Gregory's Optics, or in Dr. Halley's Method of 
finding the principal Focus of Optic Glaſſes univerſally, Pli- 
toſoph. Tranſat, No. 205. i 
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CHAP. V. 
Of the Eye. 


HE Form of the Eye is ſuch as is repre- 

ſented in Figure 29, and would be a 
perfect Sphere, were not the fore Part AA 
ſome what more protuberant than the reſt. 

The Deſcription of it, ſo far as is nece 

to explain the Nature of Viſion, is as follows: 
It is incloſed in three diſtinct Coats or Tegu- 
ments; the outermoſt of which, vig. aa, is 
called Tunica Sclerotica; the next, cc, Cho- 
roides, or Uvea ; the third and innermoſt, dd, 
derives its Name from that of its Diſcoverer, 
and is called Tunica Ruyſchiana. 

Theſe Coats are contiguous to each other 
every where, except on the fore Part of the 
Eye. 

That Portion of the Sclerotica which lies 

between A and A is more protuberant than 
the reſt, is tranſparent, and has the Name of 
Tunica Cornea. 
That Portion of the Choroides which is ſitua- 
ted between 3 and þ is called the Vis, and is 
that which by its Colour denominates an Eye 
black, grey, &c. In the Middle of this there 
; a round Hole as pp, called the Pupil. 

The Jr:s conſiſts of two Kinds of muſcular 
Fibres ; the fiſt lie extended from its Extre- 
| G 2 mity 
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mity like the Radii of a Circle, and point to- 
wards the Middle of the Pupil as towards a 
Center : the other are circular ones and fur. 
round the Pupil, having the Middle of it for 
their common Center. Theſe are connected 
to the former where they croſs them : and 
therefore when theſe contract, the Pupil is di- 
miniſhed ; when the other, it is inlarged. 
Within the Cavity of the Eye, and not far 
behind the Pupil, there is a ſoft tranſparent 
Subſtance CC, not unlike a double convex 
Lens, one of whoſe Surfaces as 8, is more con- 
vex than the other. This is called the Cry 
talline Humour, and is ſuſpended within the 
Eye by certain Ligaments, as CJ, Ci, called 
Ligamenta Ciliaria, or Proceſſus Gikare:: 
theſe are convex towards the Pupil, as expreſſ- 
ed in the Figure, and concave on the other 
Side, and are muſcular, and therefore capable 
of Contraction and Dilatation. The convex 
Sides of theſe Ligaments are lined with a very 
black Subſtance, as is alſo that Side of the Iris 
which is next them, 
The Tunica Ruyſchiana leaves the Chorn- 
des at , and, paſſing behind the Ligaments 
Ciharia and the Cryſtalline Humour, is con- 
tiguous to them, and joins the Choroides again 
at /, on the other Side the Pupil. 
Buy means of the forementioned Parts, the 
Cavity of the Eye is divided into two Portions; 
the one of which VV is filled with a Fluid 
nearly of the ſame Denſity with Water, and 
16 
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is therefore called Humor Aqueus ; the other 
TT contains a Fluid whoſe Confiſtency is 
greater than that of the former, and is called 
Humor Vitreus : And both theſe Humours are 
rarer than the Subſtance of the Cryſtalline. 

At the back Part of each Eye, but not di- 
re&ly oppoſite to the Pupil, there enters a 
Nerve as NN, which is called the Optic 
Nerve. 

The Fibres of this Nerve, after their En- 
trance into the Eye at N, ſpread themſelves 
over the innermoſt Coat of it as far as the Liga- 
menta Ciliaria, and form a very thin Mem- 
brane, called Tunica Retina. 

The innermoſt Coat of the Eye is every 
where covered (except that Part of it which 
is contiguous to the back Part of the Cryſtal- 
line Humour) with a very black Subſtance, 
not unlike that with which the back Part of 
the Iris and fore Part of the Ligamenta Cili. 
aria were obſerved to be covered. This is to 
hinder any Light from being reflected from 
thoſe Parts to the Retina; for that would 
render the Images of Objects indiſtinct; as we 
ſhall ſee when we have explained the Nature 
of Viſion, which is the Subject of the next 
Chapter. 
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CHAP. VI. 
Of the Nature of Viſion. 


Uch is the Subſtance and Form of the Hu- 
mours of the Eye, when lodged in their 
proper Receptacles, that Rays of Light in pal. 
ſing through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately: and therefore, to under. 
ſtand the Nature of Viſion, which depends on 
the Paſſage of Rays flowing from the ſcverd 
Points of a diſtant Object through thoſe Hu- 
mours, little more is required than to know 
how the ſame Rays would be, affected, were 
they ſuppoſed to paſs through a convex Lens : 
Which may eaſily be done by applying to this 
Caſe what has been delivered in the fourth 
Chapter concerning the Manner in which 
Rays flowing from a ſingle Point are affected 
in paſſing through Lenſes of that Kind. 
Me have already ſeen, in the abovemention- 
ed Chapter, that Rays flowing from a /angl 
radiant Point, and atterwards' falling on a con- 
vex Lens, are colleted to a Focus in ſome 
Point oppoſite, or nearly ſo, to the radiant, 
Let us now ſuppoſe an Object placed before 
2 Lens, but farther from it than the focal Diſ- 
tance of its parallel Rays; and let it ſend * 
ays 
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Rays from each Point of its Surface in every 
Direction, as from ſo many radiant Points. 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 
towards the Lens will neceſſarily fall upon it, 
and, paſſing through it, will be collected in ſo 
many diſtinct focal Points on the oppoſite Side, 
as there are diſtinct radiant Points in the Surface 
of the Object from whence they came. Now, 
as the radiant Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lens, the focal Points will alſo be con- 
tiguous on the other; and as each focal Point 
is oppoſite to its reſpective radiant, their Places 
will have the ſame Relation to each other, that 
thoſe of the radiant have ; and, conſequently 
theſe Points, taken together, will be a true Re- 
preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of: 
But, becauſe each Point in the Repreſentation is 
oppoſite to its reſpective one in the Object, 
the Image will be inverted. The Truth of 
this may eaſily be experienced, if we hold a 
clean white Paper facing the Lens in the Place 
where the focal Points are, and take Care to 
prevent all other Light from falling upon the 
Paper, except that which paſſes through the 
Lens *. 
To 
Oy this depends the Structure of the OB/zura Camera, 


which is a Contrivance to exhibit the Repreſeutation of ſuch 
Object 
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To illuſtrate this, let PR (Eg. 30.) re- 
preſent an Object placed before the Lens AB, 
and ſending forth Rays from each Point in its 
Surface; and let be the focal Diſtance of 
Rays proceeding from Q and paſſing through 
the ſaid Lens. Then will all the Rays that 
proceed from the Point Q between the Lines 
QA and QB, be collected in 3; in like Man- 
ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 
p; and ſo many as proceed from R, and paſs 
through the Lens, will be collected in 7 ; and 
all the Rays that flow from the remaining 
Points between P and R and fall upon the 
| Lens, will be collected in as many Points be- 
tween p and 7; and, if the Rays are received 
there upon a white Surface, there will be 
exhibited an Image of the Object PR, bat 
inverted; becauſe the Rays PLp and RLr 


Objects as may be ſeen from a Window upon ſome plain 
white Surface held before the Window within the Room. In 
order to do this, a common Spectacle Glafs or Burning Glaſs 
both which are convex Len/es) muſt be fixed in an Hole in the 
indowſhutter ; for then, if no Light be ſuffered to enter into 
the Room, but what paſſes through the Hole, and a Sheet of 
white Paper be held oppoſite to the Hole at that Diſtance where 
the Rays proceeding from the Objects abroad, and paſling 
through the Glaſs, are collected into their reſpective Foc, we 
ſhall have the Images of all the Objects which lie before the 
Hole repreſented upon the Paper, inverted ; hut in a much 
more lively and exact Manner that can be done by the Pencil; 
and not only the Objects and their reſpective Situations, but, 
what is peculiar to this Sort of Painting, their Motions will 
allo be expreſſed. 


croſs 


Part II 
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croſs each other at L in paſſing through the 
Lens | | N 

Thoſe Rays which flow from the ſame 
Point of an Object, when conſidered together, 
are called a Cone or Pencil of Rays. Thus the 
Rays QA, QL, &c. conſtitute a Pencil flow- 
ing from the Point Q; ſo the Rays PA, PL, 
&c. a Pencil from the Point P; and the mid- 
dle Ray of each Pencil, as PL, QL, &c. is 
called the Axis of that Pencil, to which it be- 
longs. 

- FN in like Manner as the ſeveral Pencils 
of Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Lens, are 
collected in ſo many Points at a certain Diſ- 
tance on the other Side of the Lens, and form 
an Image there when received upon a white 
Paper; ſo Pencils proceeding from an Object 
placed before the Eye at a proper Diſtance 
from it, and being refracted in paſſing through 
the Humours of it, are collected into their 
reſpective Fuci upon the Retina, where they 
form a Repreſentation of that 1 ; and by 
their Impulſes upon the tender Nerves of the 
Retina, an Idea of the Object is excited in the 
Mind. 


* A burning Glaſs is no other than a Piece of Glaſs ground 
into the Form of a convex Lens; for if the Rays of the Sun are 
permitted to paſs through ſuch an one, they will burn very 
ſtrongly in the Place where they are collected into their reſpec- 
tive Focz ; upon which Account it is, that the Point where Rays 
in general are collected, is called their Facus, that is, their 
Place of Burning, 


H The 
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The Progreſs of the Rays through the Hu- 
mours of the Eye, are expreſſed in the z iſt 
Figure: where FG? is the Eye, FG the Tu- 
nica Cornea, pp the Pupil, AA the aqueouz 
Humour, HH the chriſtalline, and VV the vi- 


treous. And RS repreſents an Object placed 


before it, emitting Pencils of Rays from its ſe- 
veral Points R, 8, T, Sc. The Rays which 
conſtitute the Pencil G TF, in entring the aque- 
ous Humour, paſs out of a rarer into a denſer 
Medium through a convex Surface, in which 
Caſe diverging Rays are made to diverge leſs, to 
become parallel or to converge (Chap. 3. Prop. 
7.); in entring the chriſtalline they dothe like; 
and in paſſing out of that, they proceed out of 
a denſer into a rarer Medium, through a con- 
vex Surface of the denſer, which alſo has the 
fame Effect (Chap. 3. Prop. 15.) By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focu 
at t, a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 
Pencil GRF, will proceed as deſcribed in the 
Figure, and after Refraction meet in ; and 
the Rays 1 from 8 will be collected 
in s, Sc. by which Means an Image of the Ob- 
ject will be formed in 7s upon the Retina, but 
becauſe the Pencils croſs each other in paſſing 
through the Pupil, it will be inverted . : 

The 


Of this we have experimental Proof: For if we cut away the 
back Part of an Eye, and apply a Paper there, we ſhall Fs the 
; mages 
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The leſs the Diſtance betweenthe Object and 
the Eye is, the more the Rays which come 
from the Object, are ſaid to diverge, and è con- 
tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
but that, when the Eye 1s placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
it can receive when placed farther off. The 
following Illuſtration will make this clear: Let 
AB (Fg. 32.) repreſent an Object emitting 
Rays from each Point of its Surface, and let 
Cd, Cr, &c. expreſs thoſe which flow from 
the Point C: let be a Pupil of an Eye placed 
at the Diſtance Cm from it; tis plain this Pu- 
pil will receive into it the diverging, Rays Cr, 
Cs; whereas the Rays Co, Cr will diverge 
the moſt of any that can enter the fame Pupil, 
when placed at the Diſtance Cn; but theſe 
diverge leſs than the former, the Angle C: 
being, included in the Angle Cs. 


Imagesof external Objects placed thereon, as accurately as in 
the Obſcura Camera, provided no Light is permitted to fall up- 
on the Paper, except that which-paſies through the Humours 
of the Eye. 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axis of the Pencils which enter the 
Eye, croſs each other ; ſome placing it in the Center of the Eye, 
others in the Vertex of the chriſtalline Humour, others in that 
of the Tunica Cornea : But as the Rays of each Pencil fill the 
Pupil, or as the Pupil itſelf is a common Baſe to each Pencil; it 
is inconceivable how the Axis of thoſe Pencils ſhould croſs each 
other in any other Place than the Center of the Pupil. See 
Figure 31, or any other where ſeveral Pencils are repreſented, 
2s paſſing through the Pupil of an Eye. 

1 Viſion 
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Viſion is diſtinguiſhed into bright and cb. 
ſcure; diſtin and confuſed. | 

It is ſaid to be bright, when a ſufficient Num- 
ber of Rays enter the Pupil at the ſame Time; 
obſcure, when too few. It is diſtinct, when 
each Pencil of Rays is collected into a Focus ex- 
actly upon the Retina; confuſed, when they 
meet before they come at it, or when they 
would paſs it before they meet ; for in either 
of theſe laſt Caſes, the Rays flowing from dif. 
ferent Points of the Object, will fall upon the 
ſame Part of the Retina, which muſt neceſſa- 
rily render the Image confuſed and indiſtinct. 

Now that Objects may appear with a due 
Brightneſs, whether more or fewer Rays pro- 
ceed from them, we have a Power of contract- 
ing, or dilating the Pupil by means of the muſ- 
cular Fibres of the Jris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer Rays as Occaſion requires. But this 
Power has its Limits. * | 

And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſtinct, whether they be 
nearer or farther off, that is, whether the Rays 
proceeding from them diverge more or leſs, we 
have a Power of contracting or relaxing the 
Ligamenta Ciliaria, and thereby altering the 


In ſome Animals, this Power is much greater than in 
others; particularly in ſuch as are obliged to make Uſe of their 
Eyes by Night, as well as by Day, as in Cats, &c. 


Form 
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Form of the chriſtalline Humour, and with 
that the focal Diſtance of the Rays, Thus, 
when the Object we view is far off, and the 
Rays fall upon the Pupil with a very ſmall De- 
gree of Divergency, we contract the Ligamen- 
ta Ciliaria, which being concave towards the 
vitreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this means 
it is made to preſs harder upon the back Side 
of the chriſtalline Humour, which is thereby 
rendered flatter ; and ſo the Rays proceed far- 
ther before they meet in a Focus than other- 
wiſe they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unleſs in 
Caſes where the Light is ſoſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are morediverging than thoſe which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and there- 
fore diverge too much to be collected into their 
reſpective Foci upon the Retina, by relaxing 
the Ligamenta Ciliaria we give the Chriſtal- 
line a more convex Form, by which means the 
Rays are made to ſuffer a proportionably greater 
Degree of Refraction in paſſing through it *. 


* Some Philoſophers are of Opinion, that we do this by a 
Power of altering the Form of the Eye ; and others, by remov- 
ing the Chriſtalline forwards or backwards as Occaſion requires; 
but neither of theſe Opinions is probable ; for the Conts of the 
Eye are too hard, eſpecially in ſome Animals, for the finſt; and 
as to moving the Chriſtalline out of its Place, the Cavities of 
the Eye ſeem to be too well filled with the other Humours to 
admit of ſuch Removal, 

And 
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And beſides this, by contracting the Pupils: of 
our Eyes, we exclude the more diverging 
Rays, and admit only ſuch as are more eaſt 
refracted into their reſpective Foc? . Bu 
Viſion is not diſtin at all Diſtances, fer 
our Power of contracting and relaxing the 
Ligamenta Ciliaria is alſo eircumſeribed with. 
in certain Limits. 

The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Reting 
Becauſe the Pencils flowing from the extreme 
Parts of the Object when near, make a larger 
Angle with each other in the Pupil where they 
croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Ng. g3.) 
the Image of the Obje&t CD, far exceeds Ef 
that of the ſame Object GH, placed at a greater 
Diſtance from the Eye, as is evident from In- 
ſpection of the Figure. 

In thoſe Eyes where the Tunica Cornea is 
very protuberant and convex, the Rays of 
Light ſuffer a very conſiderable Refraction at 
their Entrance into the aqueous Humour, and 
are therefore collected to a Focus before they 
fall upon the Retina, unleſsthe Object be pla- 
ced very near, ſo that the Rays which enter 
the Eye, may have a conſiderable Degree of 
Divergency. People that have ſuch Eyes, are 


* Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtead 
of a Pupil, we ſhall be able to ſee an Object diſtinctiy through 
it, though the Object be placed within half an Inch of the Eye. 
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{aid to be purblind. Now the nearer an Ob- 
ect is placed to the Eye, the greater is the 
Image of it therein, as explained above ; theſe 
People therefore can ſee much ſmaller Objects 
than others, as ſeeing much nearer ones with 
the lame Diſtinctneſs. And their Sight con- 
tinues good longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grow old, becomes plainer, for Want of 
that Redundancy of Humoyrs with which 
they were filled before. | 

On the contrary, old Men having the Cor- 
nea of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, if the Rays diverge too much before 
they enter the Eye, they cannot be. brought 
to a Focus before they reach the Retina; on 
which Account thoſe People cannot ſee di- 
ſtinctly, unleſs the Object be ſituated at a 
greater Diſtance from the Eye, than is required 
for thoſe whoſe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted in the Eye, it may be thought the 
Objects themſelves ought to appear ſo ; but it 
muſt be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upon the Retina; we find by Ex- 
perience, that when ſuch an Idea is excited in 
our Mind, ſuch an Object ſtands before us in 
ſuch a Poſition and of ſuch a Form; whenever 
therefore the like Idea is excited again, we 

Con- 
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conclude there is a like Cauſe of it. For it i; 
found by Obſervation, that People who have 
been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular $i. 
tuation or Form of Bodies; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodiescorreſpond 
to ſuch and ſuch Senſations in the Mind *. 

In like Manner it is from Experience that 
an Object appears ſingle, though there be an 
Image of it in each Eye ; for after we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is the ſame, we neceſſarily 
conceive it to be but one. The Manner how 
we come to find this, ſeems to be as follows: 
There is one Part of the Retina upon which 
when the Image falls, the Object appears 
brighter and more diſtin, than when it falk 
upon any other, as is evident, becauſe we al- 
ways ſee one Part of an Object with greater 
Diſtinctneſs than any of the reſt. This Point 
I ſhall hereafter call Che Point of diſtinct Vi- 
ion. This naturally leads us to turn our Eyes 
ſo, that the Object may be ſituated directly 
oppoſite to this Point. And this Action of 
ours is that which has given Riſe to thoſe ima- 
ginary Lines, which are ſuppoſed to paſs di- 


* See Mr. Cheſſelden's Obſervations on a young Gentleman 
couched by him at the Age of 13 Years, Philoſoph. Tranſact. 
No. 402. 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 
optic Axes. We therefore turn our Eyes fo that 
the Object may appear in thoſe Lines. There- 
fore, fince theſe Lines concur at the Object, when 
we indeavour to view it with Diſtinctneſs, each 
Eye affords us an Idea of the Object in the 
ſame Place, from whence it neceſſarily appears 


but one *. | 
When- 


* There are other Methods of accounting for theſe two laſt 
Phenomena, ſome of which, perhaps, the Reader may think 
more plauſible ; for the Connection r the Image on the 
Retina and the Idea in the Mind being purely metaphy/ical, we 
can never hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint 
the uppermoſt Part of the Image in the Eye to proceed from the 
lowermoſt Part of the Object, becauſe they rike upon the Re- 
tina, as coming from that Part; and that we conclude from hence 
that the Object is erect, though the Image be inverted ; as if the 
Direction, wherewith the Rays ſtrike the Retina, informed the 
Mind which Way they came. This Solution ſerves alſo to explicate 
the Phenomenon of ſeeing but one Object with both Eyes; for 
as the Mind is in formed, by the Direction with which the Rays 
ſtrike the Retina, of the Place from whence they come; there- 
fore when it appears that they enter each Eye as from the ſame 
Place, the Object neceſſarily ſeems to be but one; becauſe we 
can't ſuppoſe two to exiſt in the ſame Place at the ſame Time, 

Some have been ſo abſurd as to embrace an Opinion, the firſt 
Author of which was Gaſſendus, that we ſee one and the ſame 
Point of an Object only with one Eye at a Time, (otiante alio, 
as they expreſs it) while the other does nothing. Vid. Gaſendi 
Epiſtol. de Magnitud. Solis; or Tacguet. Optic. Lib. I. — 2. 

Some imagining that the ric Nerves conſiſt of a Bundle of 
ſmall ones wrapped up in one common Tegument, are of Opi- 
nion, that ſuch as lie _ the Retina at equal Diſtances from 
the Point of diſtin Viſion, and on the ſame Side of it in each 
Eye, are connected together in one, before they terminate in the 
Brain ; and ſo, whether one or both are affected, only one [da 

| 1 is 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Ray 
that flow from it, which is are wont to be af. 
fected when two Objects are placed before 
the Eyes, the Mind, receiving no Information 
from without, but by the Impulſes of the 
Rays upon the Retina, judges that there are 
two Objects. Thus, let A, B (Hg. 34.) repre- 
ſent two Eyes whoſe optic Axes are directed to 
the Point C, and let E be an Object on one 
Side the Point C; and F an Object on the other. 
Now, Objects thus ſituated muſt appear ſepa 
rate; otherwiſe, every time we viewed an Ob- 
ject we muſt imagine all the different Points ſe 
in its Surface to be but one, which is con- v 
trary to Experience. In this Caſe, the Point I ni 
d in each Eye will be affected by the Rays MW 07 
which flow from thoſe Objects; but ſo it I a 
will, if a ſingle Object be placed at D; and 
therefore, for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 
ſeparate ones E and F, that is, double. A- 


is excited in the Mind, e ers confirms this Opinion, by al- 
ſerting that, in all Animals which look at the ſame Object with 
both Eyes, the optic Nerves concur, before they enter the Brain; 
and that, in ſuch as look at one Object with one Eye, and at 
a different one with the others they are ſeparate all the Way. 
Others, with Briggius (ſee his Opthalmog. Chap. 11.) do 
not contend, that the forementioned correſponding Parts of the 
stic Nerves are connected before they terminate in the Brain; 


but that they are of an equal Tenſion, and therefore excite the 
ſame Senſation in the Mind, 


gain, 
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gain, let there be an Object placed without the 
optic Axes, as at G, Rays flowing from this will 
affect the ſame Part in each Eye, as if there 
were two diſtinct Objects, vi. one at E, and 
the other at H; this therefore will alſo ap- 
pear double. Farther, as the Objects D and 
G are ſituated in this Figure, if both are at- 
tended to at the ſame Time (the optic Axes 
being ſtill directed to the ſame Point C) they 
will appear as three, being ſituated oppoſite 
to the three Points F, E, and H. And what has 
been ſaid of the Appearance of the Objects 
D and G, as they are ſituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 
ſented as being beyond the Line HF. So that 
wherever an Object is placed, provided it be 
nearer to the Eyes than the Point where the 
optic Axes concur, or farther from them, it 
appears double. 

There is one Part of the Retina of each Eye, 
upon which when the Image falls, the Object 
cannot be ſeen at all with that Eye; the Proof 
of this we have from the following Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from 
the Wall about three times that Diſtance; then 
ſhutting the left Eye, look at the left Object 
with the right one, and while the right Eye is 
in that Poſition, the right Object will =_ be 

2 cen, 
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ſeen. So, if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 
to be, that the Image of that Object which 
difappears falls upon the Blood- veſſels of the 
optic Nerve, from which no Senſation is con- 
veyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
ject, and croſs in the Pupil, is called the optic 
Angle. 

Tis by means of this Angle that we are able 
to form ſome Judgment of the Magnitude of 
an Object; becauſe, the larger this is, the larger 
is the Image upon the Retina, that is, a greater 
Portion of it is affected by the Rays which flow 
from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
know alſo the Diſtance of the Object. 

This, if the Object be very near, we are 
able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rays 
which flow from the ſame Point of the Object 
enter the Eye; becauſe we find it neceſlary to 
adapt the Eye accordingly, in order to bring 
them to a Focus upon the Retina. 

But, u hen the Object is at a greater Diſtance 
from us, a conſiderable Variation in the Di- 
ſtance of it makes but a very ſmall one in the 

Diver- 
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Divergency of thoſe Rays, and therefore this 
Rule of judging ceaſes to be of Uſe. The only 
Expedient then is the Angle comprehended 
between the optic Axes at the Object to which 
they are directed, or, which is the ſame Thing, 
the Poſition of the Eyes with reſpect to each 
other when they view the Object *. But in 
very large Diſtances this Poſition varies ſo lit- 
tle, that it is alſo of no Uſe; in which Caſe, 
we make the beſt Judgment we can from the 
Brightneſs, Diſtinctneſs, and apparent Magni- 
tude of the Object, and likewiſe from its Situati- 
on with reſpect to others which are interpoſed . 

When we are unable to judge rightly con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
us. and vice versd; becauſe it requires a lar- 
ger Object to exhibit the ſame Image upon 
the Retina, when it is ſituated at a great Diſ- 
tance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 
the Meridian, and accordingly think them 


That the Poſition of the e Azes is a Means whereby we 
judge of Diſtances, is evident from hence, viz. that they who 
have loſt the Sight of one Eye, find it much more difficult to 
eſtimate the Diſtances of Objects, than they did, when they 
had the Uſe of both. 

+ We have a remarkable Inſtance of the Error of our Judg- 
ment concerning the Diſtances of very remote Bodies, in that 
we look upon the Sun, Moon, and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 


irom us than others, 
pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
fame Image upon the Retina in both Caſes . 

We are never able to ſee very diſtant Object 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiving into it a ſufficient Num. 
ber of Rays for that Purpoſe, or becauſe they 
are not collected into Foci upon the Reting, 
but becauſe the Object being very far off, the 
Rays which flow from Points of the Object 
that are contiguous fall too near each other 
upon the Retina to excite diſtinct Senſations in 
the Mind, ſo that the Idea of the Whole i; 
confuſed. 


CHAP. VL 


Of the Appearance of Objects ſeen 
through Media of different Forms. 


Hat what we ſhall ſay upon the Subject 
of this Chapter may more readily be un- 
derſtood, we ſhall premiſe the five following 
Particulars, which are all compriſed in the 
foregoing Chapter, or follow immediately from 
what has been there laid down, vs. 
1. That, as each Point of an Object, when 
viewed by the naked Eye, appears in its pro- 


* See the Diſſertation on the horizontal Moon, annexed to 
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per Place, and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be ſituated in that Line; and, becauſe 
the Mind is unacquainted with what Refrac- 
tions the Rays ſuffer before they enter the Eye, 
therefore, in Caſes where they are diverted 
from their natural Courſe by paſſing through 
any Medium, it judges the Point to be in that 
Line produced back in which the Axis of a 
Pencil of Rays flowing from it is fituated the 
Inftant they enter the Eye, and not in that it 
was in before Refraction. We ſhall therefore 
in what follows, ſuppoſe the apparent Place 
of an Object, when ſeen through a refracting 
Medium to be ſomewhere in that Line produc- 
ed back in which the Axis of a Pencil of Rays 
flowing from it proceedsafter they have paſſed 
through the Medium. 

2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 
ing from the ſame Point of the Object enter the 
Pupil of the Eye, in Caſes where that Diver- 
fenen is conſiderable; but becauſe in what fol- 
ows, it will be neceſſary to ſuppoſe an Object, 
when ſeen through a Medium whereby its ap- 
parent Diſtance is altered, to appear in ſome 
determinate Situation; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 


into 
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into the Eye is conſiderable, we will ſuppoſe 
the Object to appear where thoſe Lines which 
they deſcribe in entring, if produced back, would 
croſs each other; though it muſt not be aſſert. 
ed that this is the preciſe Diſtance ; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni. 
tude of the Object, on which its apparent Dil. 
tance in ſome Meaſure depends, will alſo ſuffer 
an Alteration by the Refraction of the Rays in 
paſſing through that Medium. 

3. That we eſtimate the Magnizude of an 
Object by that of the optic Angle. 

4. That, Viſion is the brighter, the greater 
the Number of Rays is which enter the Pupl. 
And, 

5. That, in ſome Caſes, the apparent Bright- 
neſs, Diſtincineſs, and Magmtude of an Ob- 
ject are the only Means whereby our Judgment 
is determined in eſtimating the Diſtance of it. 

Prop. I. An Object placed within a Mediun 
terminated by a plain Surface on that Side 
which is next the Eye, if the Medium be den- 
fer than that in which the Eye is (as we ſhall 
always ſuppoſe it to be, unleſs where the con- 
trary is expreſſed) appears z22arer to the Sur- 
face of the Medium than it is, 

Thus, if A be a Point of an Object placed 
within the Medium BCDE (Fig. 36), and Ab, 
Ac be two Rays procceding from thence, theſe 
Rays paſſing out of a denſer into a rarer Me- 


dium, will be refrated from their reſpective 
Per- 
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Perpendiculars bd, ce, and will enter the Eye 
at H, ſuppoſe in the Directions , cg, let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 
diverge more than the incident ones Ab, Ac 
(Chap. III. Prop. 3.), it will be nearer to the 
Points & and c, than the Point A; and as the 
lame is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 
the Surface BC than it is “. 

Prop. IT. 


From hence it is, that when one End of a ftrait Stick is 
put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; wiz. becauſe each 
Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. 

From hence likewiſe it is, that an Object at the Bottom of a 
Veſſel may. be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpect to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37) 
repreſent a Veſſel, and let E be an Object lying at the Bottom of 
it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 
the Ray EH; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surface of the 
Water into the Line KF, the Eye at F ſhall ſee the Object by 
Means of that. 

In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the Am- 
ſphere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the Atmo/þhere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 
drawn from the Point where they enter, to the Center of the 
Earth which is the Center of the Atmoſphere, and as they paſs 
on they will be continually refracted the ſame Way, becauſe 
they are all along entering a denſer Part, the Center of whole 
Convexity is ill the ſame Point; upon which Account the Line 
they deſcribe will be a Curve 8 downwards; and _ 

ore 
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Prop. II. An Object ſeen through a Mediun 
terminated by plain and parallel Surfaces, ap- 
pears nearer, brighter, and larger, than with 
the naked Eye. | 

For Inſtance, let AB (Fig. 38.) be the Ob- 
ject, CDEF the Medium, and GH the Pupil 
of an Eye, which is here drawn large to pre- 
ventConfuſion in the Figure. And iſt let RK, 
RL be two Rays proceeding from the Point R, 
and entering the denſer Medium at K and L; 
theſe Rays will here by Refraction be made to 
diverge leſs (Chap. III. Prop. 2.) and to pro- 


fore none of the Rays that come from that Object can enter an 
Eye upon the Surface of the Earth, except what enter the A. 
moſpbere higher than they need to do, if they could come in a 
right Line from the Object; conſequently the Object muſt ap- 
pear above its proper Place. Secondly, if the Object be placed 
within the Atmo/phere, the Caſe is ſtill the ſame ; for the Rays 
which flow from 1t muſt continually enter a denſer Medium whoſe 
Center is below the Eye, and therefore being refracted towards 
the Center, that is, downwards as before, thoſe which enter the 
Eye muſt neceſſarily proceed as from ſome Point above the Ob- 
ject, wherefore the Object will appear above its proper Place. 

From hence it is, that the Sun, Moon, and Stars appear a« 
bove the Horizon, when they are juſt below it, and higher than 
they ought to do, when they are above it : Likewife diſtant 
Hills, Trees, &c. ſeem to be higher than they are. 

Farther, the lower theſe Objects are in the Horizon, the greater 
is the Obliquity with which the Rays which flow from them, 
enter the Atmo/phere, or paſs from the rarer into the denſe; 
Parts of it, and therefore they appear to be the more elevated 
by Refraction; upon which Account the lower Parts of them 
are apparently more elevated than the other. This makes their 
upper and under Parts ſeem nearer together than they ought to 
do, as 1s evident in the Sun and Moon, which appear of an oval 
Form when they are in the Horizon, their horizontal Diameters 
appearing of the ſame Length they would do if the Rays ſuſ- 
me Oy Refraction, while their vertical ones art ſhortened 
thereby. 
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ceed afterwards, ſuppoſe in the Lines Ka, Lb; 
at a and b where they paſs out of the denſer 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, bd, 

lel to their firſt Directions (ſee Chap. 
IV.); produce theſe Lines back till they 
meet in e, this will be the apparent Place of 
the Point R, and it is evident from the Figure 
that it muſt be nearer the Eye than that Point; 
and becauſe the ſame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d, As the Rays RK, 


| RL would not have entered the Eye, but have 


paſſed by it in the Directions Kr, Le, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. zd, The 
Rays Ah, Bi, will be refracted at h and i in- 
to the leſs converging Lines M, il, and at the 
other Surface into M, IM parallel to Ah 
and Bi produced (ſee Chap. 4.), ſo that the 
Extremities of the Object will appear in the 
Lines Mæ, M/ produced, viz. in F and g, and 
under as large an Angle fMg, as the Angle A 
9B under which an Eye at q would have ſeen 
it, had there been no Medium interpoſed to 
refract the Rays; and therefore it appears larger 
to the Eye at GH, being ſeen through the 
interpoſed Medium, than otherwiſe it would 
have done. But it is here to be obſerved, that 
the nearer the Point e appears to the Eye on 

K 2 Ac- 


78 Of the Appearance Part III. 


Account of the Refraction of the Rays RK, 
RL, the ſhorter is the Image 7g, becauſe it is 
terminated by the Lines Mf and Mg, upon 
which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much augmented by being 
ſeen through a Medium of this Form. 

Farther, it is apparent from the Figure, that 
the Effect of a Medium of this Form depend; 
wholly upon its Thickneſs; for the Diſtance 
between the Lines Ry and ec, and conſequent- 
ly the Diſtance between the Points e and R de- 
pends upon the Length of the Line Ka: Again, 
the Diſtance between the Lines AM and 7M, 
depends on the Length of the Line ; but both 
Ka and h depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thickneſs. 

Prop. III. An Object ſeen through a convex 
Lens, appears larger, brighter, and more di- 
ſtant, than with the naked Eye. | 

To illuſtrate this, let AB (Jig. 39.) be the 
Object, CD the Lens, and EF the Eye. 1. 
From A and B the Extremities of the Object 
draw the right Lines AYr, BXr crofling each 
other in the Pupil of the Eye ; the Angle ArB 
comprehended between theſe Lines, is the 
Angle under which the Object would be ſeen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, whoſe Property 
it is to render converging Rays more ſo (ſee 
Chap. IV.) the Rays AY and BX will be made 


to 
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to croſs each other before they reach the Pupil, 


There the Eye at E, will not perceive the 


Extremities of the Object by means of theſe 
Rays (for they wall paſs it without entering), 
but by ſome others which muſt fall without the 
Points Y and X, or between them; but if 

fall between them, they will be made to con- 
cur ſooner than they themſelves would have 
done, and therefore if the Extremities of the 
Object could not be ſeen by them, it will much 
leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 
upon the Lens without the Points Y and X; 
let then the Rays AO and BP be ſuch. Theſe 
after Refraction entering the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
rQ, rT produced, and under the optic Angle 
QrT which is larger than ArB, and therefore 
the apparent Magnitude of the Object will be 
increaſed. 2. Let GHI be a Pencil of Rays 
flowing from the Point G; as it is the Property 
of this Lens to render diverging Rays leſs di- 
verging, parallel or converging (tee Chap. 
IV.) it is evident, that ſome cf thoſe Rays 
which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Zens, will now enter it; 
by which means the Object will appear bright- 
er. 3. As to the apparent Diſtance of the Ob- 
ject, that will vary according to the Situation 


of 
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of it with reſpect to the Focus of parallel Rays 
of the Lens. 1. Then, let us ſuppoſe the Ob. 
ject placed ſo much nearer the Lens than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging 
by paſſing through it, may yet have a conſide- 
rable Degree of Divergency, ſo that we may 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Brightneſs and 
Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point where thoſe 
Lines meet, but ſomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become parallel 
( ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Di- 
ſtance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightneſs and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus of 
parallel Rays, asin AB (Fig. 40.) the Rays 
flowing from thence and falling upon the Lens 
CD, 
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CD, will be collected into their reſpective Faci 
at a and 6b, and the intermediate Points , 7, 
Sc. and will there form an Image of the Ob- 
ject AB; and after croſſing each other in the 
ſeveral Points of it, as expreſſed in the Figure, 
will paſs on diverging as from a real Object. 
Now if an Eye be ſituated at c, where Ac, 
Bc, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 
AcB, than they would do if there were no Lens 
interpoſed ; and the Rays belonging to the 
ſame Pencil do not converge ſo much as thoſe 
the Eye would receive, if it were placed nearer 
to @ or b, the Object upon theſe Accounts 
appearing very little larger or brighter than 
with the naked Eye, is ſeen nearly in its pro- 
per Place ; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 
brighter and larger, ſeems to approach the 
Lens *: which is an evident Proof of what has 


That the Object ſhould ſeem to approach the Lens in this 
Caſe, was a Difficulty that exceedingly puzzled the learned 
Barrow,and which he pronounces infuperable, and not to be ac- 
counted for by any Theory we have of Viſion. Molinenx alſo 
leaves it to the Solution of others, as that which will be inex- 
plicable, till a more intimate Knowledge of the viſive Faculty, 
as he expreſſes it, be obtained by Mortals, 

They imagined, that ſeeing an Object appears farther of, 
the 4% the Rays diverge which fall upon the Eye; if they 
ſhould proceed parallel to each other, it ought to appear exceed- 
ingly remote, and if they ſhould converge, it ſhould then appear 
more diflant ſtill: The Reaſon of this was, becauſe they look- 
ed upon the apparent Place of an Object, as owing only to the 
Direction of the Rays whatever it was, and not at all to its ap- 
parent Magnitude or Splendour, 

been 
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been ſo often aſſerted, viz, that we judge of 
the Diſtance of an Object in ſome Meaſure by 
its Brightneſs and Magnitude * , for the Rays 
converge the more the farther the Eye recede; 
from the Lens ; and therefore if we judged of 
the Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Caſe to conceive it at a greater Diſtance, than 
when the Rays were parallel, or diverged at 
their Entrance into the Eye. 

Prop. IV. If an Object be placed farther 
from a convex Lens, than its Focus of patallel 
Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears in- 
verted, and pendulous in the Air, between the 
Eye and the Lens. 

To explain this, let AB (Eg. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil ACD be collected in a, and 
thoſe of BCD in &, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: It is apparent from the Figure, 
that ſome of the refracted Rays which pals 
through each Point of the Image, will enter 


perhaps it may proceed from our judging of the Diſtance 
of an Object in ſome Meaſure by its Magnitude, that that 
Deception of Sight commonly 'obſerved by Travellers may 
ariſe ; viz, that upon the firſt appearing of a Building larger 
than uſual, as a Cathedral Church, or the like, it generally 


" ſeems nearer to them, than they afterwards find it to be. 


the 


JIE l 
Chap. 7. Of Objects, We 
the Eye as from a real Obje& in that Place, 
and therefore the Object AB will appear there, 
as the Propoſition aſſerts. But we are ſo little 
accuſtomed to ſee Objects in this Manner, that 
it is very difficult to perceive the Image with 
one Eye; but if both Eyes are ſituated in ſuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at G and H, 
and we direct our optic Axes to the Image, tis 
eaſy to be perceived. 

If the Eye be ſituated in à or b, or very near 
them on either Side, the Object appears exceed- 
ingly confuſed, viz. if at d, the Rays which 
proceed from the ſame Point of the Object con- 
verge ſo very much, and if at e, they diverge 
ſo much, that they cannot be collected together 
upon the Retina; but fall upon it as if they 
were the Axes of ſo many diſtinct Pencils com- 
ing through every Point of the Lens; where- 
fore little more than one ſingle Point of the 
Odject is ſeen at a Time, and that appears all 
over the Lens; from whence nothing but 
Confuſion ariſes. 

If the Lens be ſo large that both Eyes may 
be applied to it, as in h and &, the Object will 
appear double; for tis evident from the Figure, 
that the Rays which enter the Eye at h from 
either Extremity of the Object A or B, do not 
proceed as from the ſame Point with that from 
whence thoſe which enter the other at & ſeem 
to flow ; the Mind therefore is here deceived, 

| L and 
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and looks upon the Object as ſituated ,in two 
differerit Places, and therefore Judges. it to be 
double. 

Prop. V. An Object ſeen. then h a concave 
Lens appears nearer, Ws oy leſs bright, 
than with the naked EF 

Thus, let AB (Fig. 41. ) be the Object, CD 
the Pupil of an Eye, and EF the Lens; Now, 
as it is the Property of a Lens of this Form, 
to render diverging Rays more ſo, and converg- 
ing ones leſs ſo, the diverging Rays GH, GT, 
8 from the Point G, will be made to 

iverge more, and ſo to enter the Eye as from 
ſome nearer Point g; and the Rays AH, Bl, 
which converge, will be made to converge leſs, 
and to enter the Eye as from the Points @ and 
b; wherefore the Object will appear in the Si- 
tuation agb, leſs and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 
them will be made to paſs by the Pupil of the 
Eye, which otherwiſe would have entered it, 
and therefore each Point of the 9 will ap- 


pear /eſs bright *. 
Prop. VI. 


* From what has been obſerved about the — of con- 
vex and concave Len/er, we may ſee the Reaſon why the for- 
mer Sort are made Uſe of by d People to help their Sight; 
and the latter by thoſe who are purblind. Oli People, as was 
obſerved before, having the Tunica Cornea of their Eyes too 
flat, require that the Object be placed at a greater Diſtance 


from them, than other People whoſe Eyes are of a juſt Form, 


that the Rays which enter the Pupils of their Eyes * the 
ame 
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Prop. VI. An Object ſeen through a polygo- 
nous Glaſs, that is, ſuch as is terminated by 
ſeveral plain Surfaces, is multiplied thereby. 

For Inſtance, let A (Fig. 42.) be an Ob- 
jet, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, &c. and let the 
Situation of the Eye F be ſuch, that the Rays 
Ah being refracted in paſſing through the Glaſs, 
may enter it in the Direction BF, and the Rays 
AC in the Direction CF. Then will the Eye 

means of the former, ſee the Object in G, 
and by the latter in H; and by means of the 
Rays Al, the Object will appear alſo in its 
proper Situation A. | 


Thus much for the Principles of Droptrics, 
and the Solution of ſome obvious Phenomena 
which tend to confirm the ſame : Thoſe which 
yet remain to be accounted for, ſhall, aceord- 
ing to the Method we have hitherto obſerved, 
be treated of in the Diſſertations of this Part. 


ſame Point of the Object, may not di too much. Now 
a convex Lens makes thoſe Rays diverge leſs, as they would 
naturally do if the Object was placed farther off. Again, 
thoſe who are purblind, having the Tunica Cornea too protu- 
berant, require ſuch a Lens as may render thoſe Rays more di- 
verging, leſt they ſhould be collected into their reſpective Foci 
before they fall upon the Retina; and therefore Lex/es of the 
concave Sort are of Uſe to them. 
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86 Of the Horizontal Moon. Part III. 
DISSERTATION I. 
07 the Horizontal Moon. 


HE Phenomenon of the horizontal 
Moon is this: When the Moon is 
juſt above the Surface of the Earth, 

either immediately after ſhe is riſen, or juſt 
before ſhe ſets, ſhe appears four or five Times 
greater in Diameter, than when ſhe-is in 
her Meridian Altitude: And yet her appa- 
rent Diameter, if taken by an Inſtrument, is 

found to ſubtend the ſame Angle in either di- 

tuation 

The Moon's apparent Diameter being found 

to ſubtend the ſame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 

Image of her projected upon the Retina of an 

Eye, is of the ſame Dimenſions in either Caſe ; 

and therefore that ſhe ſhould appear of a dif- 

ferent Magnitude in one Situation from what 


* What is ſaid-here of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her horizontal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
Refraction (as explained Chap. VII. Note the firſt) and, 
therefore, if it be taken by an oftrument, it will not be found 
to ſubtend the ſame Angle in the Horizon as in the Meridian: 
But notwithſtanding this, it appears longer to the naked Eye 
when in the former, than in the latter Situation, as well as 
the horizOutal Diameter. 
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ſhe does in the other, bas always been Matter 
of great | Speculation among the Connoiſſeurs 
both in .Optzes and Aſtronomy, Des Cartes 
was of Opinion, that we think the Moon 
larger when ſhe is in the Horizon, than when 
ſhe is in the Meridian, becauſe in the former 
Caſe by comparing ber Diſtance with that of 
interpoſed Objects, we imagine it greater than 
when ſhe is elevated: And that as we judge 
her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. Bat 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter. 

Gaſſendus was of Opinion, that becauſe the 
Moon appears leſs bright when in the Horizon 
than in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we do 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics ; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foc: upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which croſſing each other in the Cen- 

ter 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 
of the Retina, whether the Pupil be broad or 
narrow. 10 44e 
Molineux in the Philoſophical Tranſactions 
No. 187. tells us of a certain French Abbe, 
that revived the forementioned — * of 
Gaſſendus, and adding two others of his own, 
endeavoured to account for this Phenomenon. 
His Suppoſitions were theſe, viz. © That this 
contracting and enlarging the Pupil (ſup- 
« poſed by Gafſendus) cauſeth a different 
* Shape in the Eye; an open Pupil making 
t the Cryſtalline flatter, and the Eye longer, 
* and the narrower Pupil ſhortening the Eye, 
« and making the Cryſtalline Humour more 
* convex. 'The firſt attends our looking at 
Objects that are remote, or which we think 
*© fo, the latter accompanies the viewing Ob- 
<«« jets nighat Hand. Likewiſe an open Pu- 
*© pil and flat Cryſtalline attends Objects of 
e a more ſedate Light, whilſt Objects of more 
* forcible Rays require a greater Convexity, 
and narrower Pupil. From theſe Poſitions, 
© continues Molineux, the Abbe endeavoured 
* to give an Account of our Phenomenon, as 
% follows. When the Moon is nigh the Ho- 
* rizon, by Compariſon with interpoſed Ob- 
« jects, we are apt to imagine her much far- 
* ther from us than when more elevated, and 
« therefore we order our Eyes as for viewing 
« an 
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an Object farther from us; that is, we ſome- 
« thing enlarge the Pupil, and thereby make 
e the Cryſtalline flatter; moreover tlie Duſ- 
« kifhneſs of the Modn in that Poſture does 
«* not ſo much ſtrain the Sight; and conſe- 
« quently the Pupil will be more large, and 
the Cryſtalline more flat; thence 4 larger 
Image thall be projected on the Fund of the 


cc Eye, and, therefore, the Moon ſhall appear | 


4 larger, Fheſe two forementioned Accidents, 
«. Di., the Moon's imaginary Diftance and 
« Dufkiſhneſs gradually vaniſhing as ſhe riſes; 
« a different Species is hereby introduced? in 
e the Eye, and conſequently the ſcems: gradu- 
« ally leſs and leſs, till again ſhe approaches 
ze nighů the Horizon. 5 0916 

As to what is taken for granted in this So- 
lution concerning a Change in the Cryſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a duſty or faint Light, that ſeems 
to be very ill grounded. We know of no fuch 
Connection between the Mufcles of the Iris 
and thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as eaſily 
to admit of an Alteration in their Form . 
Could the Author have made good his other 
Suppoſition, viz. That by Compar n with 


* See what has been obſerved concerning the Power we have 
of making an Alteration in the Eye, in order to ſee d:ftin@ly, 
(Chap, VI. pag. 62.) 
11 
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interpoſed Objects we are apt to imagine ber 
much farther from u, tkan when more ele- 
vated, he need not have had Recourſe to any 
other 3 this alone would have been ſufficient; 
but hic Labor . This alone, I ſay, would 
have been ſufficient; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſhe ſub- 
tends an equal Angle in both Caſes, we muft 
in Conſequence thereof (agreeably to Der 
Cartes's Notion above-mentioned) imagine 
her to be bigger in the former Situation than 
in the latter; becauſe a diſtant Object cannot 
ſubtend the ame Angle at the Eye that one 
which is nearer does, utleſs it be fame 
ably larger X 

The Amos Hobbs cad at a Solu- 
tion of this Phenomenon, but it is hardly 
worth mentioning :. The Fi igure he has drawn 
to explain his Solntion by, ſeems to have 
been the Occaſion of his Error. He draws a 
Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this, 
a lefſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; ſo that a 


> Spectator upon the Surface of this Earth, is 


conſiderably nearer to the upper Part of the 


® See Chap. VI. pag. 71. 


other 
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other Circle than to the Sides of it: Where- 
fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 
er Portion of that Ark when, it is in the Hori- 
zon, than when it is in the Meridian; becauſe 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned 
them to repreſent, he would eaſily have ſeen 
his Miſtake. | 

A few Years ago Mr. De Veil publiſhed a 
Treatiſe ' upon the Subject of the horizontal 


Moon, which he dedicates to the Ladies of 


Northampton. If I remember right, his Solu- 
tion of it was in the following Manner: 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (ſituated on the other Side the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſing thro' the Atmo- 
ſphere of the Earth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a'Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore, 
the Moon ought to appear larger when in the 
former than in the latter Situation. 

M The 


nenne 
2 2 


92 Of the Horizontal Moon. Part III. 


The Propoſitions in this Solution are all true, 
but the Second is not applicable in the preſent 
Caſe; for unleſs we conſider the Refraction that 
Rays of Light which flow from the Moon, and 
paſs through the Atmoſphere of the Earth, 
ſuffer in their Emerſion, that is, while they 
paſs through the latter half of it, as well as 
that which they ſuffer in their Immerſion, or 
while they paſs through the former half, we 
ſhall find that they will not be collected into 
their reſpective Foc: on the other Side the 
Earth, as this Gentleman imagines: Which if 
it can beſhewn, his Solution falls to the Ground 
of Courſe ; for the Refraction which the Rays 
ſuffer in their Emerſion is not to be taken into 
Conſideration, becauſe they reach the Eye of 
a Spectator upon the Earth as ſoon as they 
have paſſed through the firſt half of the At- 
moſphere, when the Moon is in his Horizon ; 
and before they have paſſed through that half, 
when ſhe is in his Meridian. 

Let us then imagine two Rays flowing from 
one and the ſame Point of the Surface of the 
Moon, it being neceſſary in order to conſtitute 
a Focus that ſuch Rays ſhould after Refraction 
meet in a Point ; the Meeting of ſuch as flow 
from different Points in the ſame Surface is not 
ſufficient ; if it were, we might then have Foci 
where we pleaſed, and that as well without 
retracting or reflecting Surfaces as with them. 
And let the firſt of thoſe two Rays fall perpendi- 
cularly upon the Atmoſphere of the Earth, and 

be 
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be ſuppoſed to paſs through the Center of it ; 
and let the other after Refraction paſs by the 
Surface of the Earth. Now, the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 
Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir Jaac Newton's Table of Refractions pub- 
liſhed by Dr. Halley in the Philoſophical Tranſ- 
actions, No. 368, that, when any of the heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty-three Minutes and forty-five Seconds; 
and thereforethe Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 
Earth will be refracted only by ſuch an An- 
gle; which falling confiderably ſhort of one 
Degree, the Angle by which it diverged from 
the perpendicular one before Refraction; it will 
be ſo far from being made to converge towards 
it thereby, that it will till be in a State of 
Divergency from it. And therefore Rays flow- 
ing from the Moon and refracted only in their 
Immerſion into the Atmoſphere of the Earth, 
will not be collected into their reſpective Foci 

on the other Side: Which was to be ſhewn. 
Dr. Walks in the Philoſophical Tranſactions, 
No. 187, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Des 
Cartes had given before) which is as follows: 
M 2 He 
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He aſcribes this Phænomenon to the Deception 
of the Imagination, and accounts for that De- 


ception in the following Manner, He obſerves: 


Firſt, that the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſeen under the ſame or equal Angles, and if, 
upon any Account whatever, we apprehend one 
of theſe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater, 
Secondly, That one great Advantage for eſti- 
mating the apparent Diſtance of any Thing, 
is from the Variety of intermediate Objects 
between the Eye and the Thing ſeen ; for 
then the Imagination muſt allow Room for all 
thoſe Things. | 

«© Now, ſays he, when the Sun * or Moon 
eis near the Horizon, the Proſpect we have of 
« Hills and Vallies, Plains and Woods, &c. 
ce repreſent to our Imagination a great Di- 
& ſtance, capable of receiving all theſe: Or, if 
« it happens that theſe interpoſed Objects are 
© not actually ſeen, yet, having been accu- 
e ſtomed to ſee them, the Memory ſuggeſts to 
cus a View as large as is the viſible Horizon. 

© But when the Sun or Moon 1s in an high- 
{© er Poſition, we ſee nothing between us and 
« them (unleſs, perhaps, ſome Clouds) and 


For the Sun appears larger in the [Jo73zen, as well as the 
Moon. 


« there- 
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« therefore nothing that can preſent to our 
«© Imagination ſo great a Diſtance as the other 
« is. And therefore, though both be ſeen un- 
« der the ſame Angle, they do not appear (to 
« the Imagination) of the ſame Bigneſs, be- 
e cauſe not fanſied at the ſame Diſtance : But 
that near the Horizon is judged bigger (be- 
e cauſe ſuppoſed farther off) than the ſame, 
«© when at a greater Altitude.“ . 

If I might be allowed to mention any Thing 
of my own, after theſe great Genius s have 
given their Opinions upon this Matter, it ſhould 
be this, v72. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Mcon appears farther from us in the 
Horizon than in the Meridian (for that 1s all 
that is requiſite, towards a Solution of the ho- 
rizontal Moon, as has been already obſerved) 
ſhould firſt ſhow why that apparent azure 
Surface we call the Sky, does not ſeem to be 
an entire concave Hemiſphere, but only a Por- 
tion of ſuch an one: For our judging the Hea- 
vens to be no more than ſuch a Portion, is un- 
doubtedly the Cauſe why we judge both the 
Sun, Moon, and Stars to be farther from us 
when in the Horizon than in the Meridian ; 
becauſe we have nothing elſe we can refer 
their Places to, but that. 

Now, poſſibly, the Cauſe why we think the 
Heavens of that Form may after all be only 
this, 2/2. That, as the Rays which come from 


the upper Parts of that imaginary Surface, the 
Sky, 
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Sky, paſs through a leſs Portion of the Atmo- 
ſphere than ſuch as come from the horizontal 
Parts of it, the Sky appears to us more diſtinct. 
ty, and generally more right in thoſe Parts 
than in the latter; and therefore, ſince we 
daily obſerve that thoſe Objects which appear 
moſt diſtinct are generally ſuch as are nearef 
to us, and alſo as bright Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear nearer to us than the ſame Objectz 
when leſs ſo *, we think the upper Parts of 
the Sky nearer us than the lower. Where. 
fore, ſince we refer all the heavenly Bodies to 
this Surface, we neceſſarily imagine them far- 
ther from us, and conſequently larger, and 
alſo more diſtant from each other +, when 
near the Horizon, than when they are arrived 
at their meridian Altitude. | 


s See what has been ſaid concerning the Brightneſs of an 
Object being a Means whereby it appears nearer us, under 
Prop. 3. of the 7th Chapter. 

+ The apparent horizontal Diſtance of two Stars from one 
another is obſerved to be greater̃, when they arc in the Horizon, 
than in the Meridian, | 

Sa > 


= > 1 
1 
5 5 SA / 
* — 4 / 
' N * 4 , : 5 
0 * 2 
= 


Y * & 2 


96 Of the Horizontal Moon. Part Ill. 


Sky, paſs through a leſs Portion of the Atmo- 
ſphere than ſuch as come from the horizontal 
Parts of it, the Sky appears to us more diſtincũ. 
ty, and generally more right in thoſe Parts 
than in the latter; and therefore, ſince we 
daily obſerve that thoſe Objects which appear 
moſt diſtinct are generally ſuch as are neare 

to us, and alſo as bright Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear nearer to us than the ſame Objects 
when leſs ſo *, we think the upper Parts of 
the Sky nearer us than the lower. Where- 
fore, ſince we refer all the heavenly Bodies to 
this Surface, we neceſſarily imagine them far- 
ther from us, and conſequently larger, and 
alſo more diſtant from each other +, when 
near the Horizon, than when they are arrived 
at their meridian Altitude. 


® See what has been ſaid concerning the Brightneſs of an 
Object being a Means whereby it appears nearer us, under 
Prop. 3. of the 7th Chapter, 

+ The apparent horizontal Diſtance of two Stars from one 
another is obſerved to be great f, when chey arc in the Horizon, 
than in the Meridia . 
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